EP 1 900 935 B1

(19)

(12)

(45)

(21)

(22)

Patent Office

Europdisches
Patentamt
0’ European

fesreves (11) EP 1900 935 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: F02M 61/16 (2006.01) FO2M 61/18 (2006.01)

07.06.2017 Bulletin 2017/23
Application number: 07115245.8

Date of filing: 29.08.2007

(54)

Method of machining injection hole in nozzle body, apparatus therefor, and fuel injection nozzle
produced using the method and apparatus

Verfahren zur Bearbeitung eines Injektionslochs in einem Disenelement, Vorrichtung dafiir sowie mit
diesem Verfahren hergestellte Brennstoffeinspritzdiise und -vorrichtung

Procédé d’'usinage de trou d’injection dans un corps d’injecteur, appareil correspondant, et injecteur
de carburant fabriqué selon le procédé et appareil

(84)

(30)

(43)

(73)

(72)

Designated Contracting States: (74) Representative: Intés, Didier Gérard André et al
DE FR GB Cabinet Beau de Loménie
158 rue de I’'Université
Priority: 14.09.2006 JP 2006248979 75340 Paris Cedex 07 (FR)
Date of publication of application: (56) References cited:
19.03.2008 Bulletin 2008/12 JP-A-7 052 022 JP-A-9 209 876
JP-A- 10337 649 US-A-5807 163
Proprietor: MITSUBISHI HEAVY INDUSTRIES, US-A- 6 132 482
LTD.
Tokyo 108-8215 (JP) Remarks:
Thefile contains technical information submitted after
Inventor: Kaneko, Takashi, the application was filed and not included in this
C/O General Machinery & Special Vehicle HQ specification

Sagamihara-shi, Kanagawa-ken (JP)

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 900 935 B1
Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a fuel injection nozzle, an injection hole machining method of a nozzle body
of such fuel injection nozzle and an injection hole machining apparatus of a nozzle body being a member of such fuel
injection nozzle.

Description of the Related Art

[0002] A fuel injection nozzle has been widely used which is composed such that a needle valve is placed for recip-
rocation in a central hollow of a nozzle body having a plurality of injection holes, and fuel is allowed to be injected through
the injection holes provided in the downstream side of the seating position of the needle valve intermittently by allowing
the needle valve to be seated on or departs from the seat face. In recent years injection nozzles have been required to
improve in fuel atomization in point of view of reduction in fuel consumption, improvement in exhaust gas emission,
stability in operation of internal combustion engines.

[0003] To improve atomization of injected fuel, it is important to introduce fuel with reduced loss of energy given to
fuel to the injection holes and increase velocity of fuel injected through the injection holes, that is, to increase flow rate
per injection hole area and per injection pressure, and it is known that rounding of the entrance corners of the injection
holes is effective. Rounding of the entrance corners of the injection holes of the nozzle body by flowing abrasive fluid
containing abrasive grains through the holes in order to reduce entrance resistance of fuel to the holes has been widely
adopted.

[0004] One of important problems to be solved in processing of rounding the entrance corners is to even fuel injection
characteristic of each of the injection holes. Injection holes are formed by drilling or laser processing beforehand as
crude processing in the nozzle body. However, it is usual that there are variations in diameter and burs remaining at the
entrance of each of the crude processed holes. And there has been problems that such variations can not be eliminated
by abrasive fluid flowing processing and fuel injection characteristic of each injection hole is not evened. When fuel
injection characteristic of each of the injection hole is not even, local high temperature zones and fuel rich zones occur
in the combustion chamber of the engine resulting in decreased combustion efficiency and deteriorated exhaust emission.
[0005] As means to solve such problems, methods of controlling timing of stopping abrasive fluid flowing processing
to obtain nozzle bodies having even fuel injection characteristic are discloses in Japanese Laid-Open Patent Application
No0.7-52022 (patent literature 1) and Japanese Laid-Open Patent Application No.9-209876 (patent literature 2). Further,
a method of inserting a flow rectifying pipe into the nozzle body to reduce stagnation zone area of abrasive fluid in the
forefront space in the nozzle body to a minimum in abrasive fluid flowing processing and make rounding of the entrance
corners of the injection holes even.

[0006] However, according to the methods disclosed in the patent literature 1 and 2, pressurized abrasive fluid is
supplied into the central hollow of the nozzle body without anything inserted into the central hollow. In actual operation
of engines, a needle valve is inserted into the central hollow of the injection body, and fuel injection is controlled by
allowing the needle valve to be seated on or to depart from the seat face in the central hollow of the injection valve.
Therefore, flow condition of the abrasive fluid in abrasive fluid flow processing is different large from actual flow condition
of fuel when fuel is injected. As a result, unexpected separation of fuel flow may occur near the needle valve and injection
holes in actual operation of engines, occurrence of cavitation erosion is induced, resulting in occurrence of breakage
failure in the injection nozzle and uneven fuel injection characteristic.

[0007] According to the method disclosed in the patent literature 3 (Japanese laid-open patent application No.
10-337649), a flow rectifying pipe is inserted into the central hollow in the nozzle body so that the opening at the nose
of the rectifying pipe is positioned downstream of the injection holes, and abrasive fluid is flowed between the outer wall
of the flow rectifying pipe and the inner wall of the central hollow of the injector body. By this, stagnation zone area of
abrasive fluid in the forefront space in the nozzle body and even rounding around the entrance corner of each of the
injection holes is realized. However, the flow passage of abrasive fluid is different from the actual flow passage of fuel
when fuel is injected in actual operation of engines.

[0008] Therefore, flow condition of abrasive fluid in abrasive fluid flow processing is different from actual flow condition
of fuel when fuel is injected as is in the methods of the patent literature 1 and 2. As a result, unexpected separation of
fuel flow may occur near the needle valve and injection holes in of engines, occurrence of cavitation erosion is induced,
resulting in occurrence of breakage failure in the injection nozzle and uneven fuel injection characteristic.

[0009] Further, the purpose of making injection characteristic of each injection hole even is not attained enough by
the methods disclosed in the patent literatures in which timing of stopping abrasion fluid flowing processing is controlled
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is determined by detecting timing to stop processing. The patentliterature 3 discloses also a fuel injection nozzle according
to the preamble of claim 1. In the patent literature 1 is disclosed a method in which a flow control device is provided to
the outlet side of each of the injection holes and abrasive fluid flowing processing for any one of the injection holes is
stopped when flow rate of abrasive fluid through said one hole reaches a predetermined value.

[0010] Generally, fuel injection quantity per injection hole (abrasive fluid per injection hole) Q is determined by the
flow coefficient w of injection hole inlet, injection hole area A, pressure difference AP between injection hole inlet and
outlet, and further by opening period of the injection hole(abrasive fluid flowing processing period) t and given by the
following equation (1).

QupAtAPl/2 Y

[0011] Pressure difference AP is controlled to be equal for each injection hole. Therefore, to control timing of stopping
processing for every injection hole independently so that quantity of abrasive fluid flowed through each injection hole is
constant means to control including time(to control so that pnA is constant), and pA of an injection hole through which
abrasive fluid flowed for a longer time period until flow quantity reaches a determined value is different from that of an
injection hole through which abrasive fluid flowed for a shorter time period until flow quantity reaches a determined value.
In actual operation of engines, electromagnetic valves control injection time period of each injection nozzle to control
engine operation, so a period of time that pressure exerts on each injection hole in a cycle is constant. Therefore, variation
in pAinduces variation in fuel injection quantity and spray characteristic(atomized fuel particle diameter, spray distribution,
etc.)

[0012] In the method disclosed in the patent literature 2, the flow meter is located upstream of the nozzle body and
flow rate of abrasive fluid flowing through all injection holes of the nozzle body is measured. The processing is stopped
when the flow rate reaches a predetermined value. With this method, as flow rate through each individual injection hole
can not be controlled, variations in fuel injection characteristic may remain in individual injection holes due to variations
in surface roughness and burrs around individual injection holes.

[0013] The injection hole machining method disclosed in the patent literature 3 consists of a first step and second step
of processing for the purpose of eliminating influence of variation in diameter and surface roughness of injection holes
before performing abrasive fluid processing, in the first step abrasive fluid flowing processing being performed under
low pressure to even the diameter of each injection hole, and in the second step abrasive fluid flowing processing being
performed under higher pressure to round the entrance corner of each of the injection hole. In the first step, diameter
of each injection hole is estimated based on measurement result of flow rate of abrasive fluid through each injection
hole, and abrasive fluid flow rate is estimated for each injection hole and controlled to obtain target diameter of injection
holes. In the second step, abrasive fluid is flowed at the same flow rate for all of the injection holes to round entrance
corners of the injection holes. However, with the method, only variation in diameter of injection holes is taken into
consideration, variation in surface roughness and small and large of burrs near entrances of injection holes. Therefore,
even if variation in diameter of injection holes is eliminated by the processing, there may remain variation in rounding
of entrance corners even after the second step of the processing. Further, processing time increases, since the processing
is divided in two steps.

SUMMARY OF THE INVENTION

[0014] The present invention was made to solve the problems of prior art as mentioned above, and the object of the
invention is to provide a fuel injection nozzle with which occurrence of cavitation erosion due to occurrence of separation
of fuel flow near the needle valve and injection holes is suppressed and variation in fuel injection characteristic is reduced,
a method of machining injection holes and an apparatus therefore to attain the object.

[0015] Injection hole machining methods of a nozzle body according to the appended claims comprise a step of
inserting an insert tool into the central hollow of the nozzle body and retain the insert tool in position, a step of performing
abrasive fluid flowing processing by introducing abrasive fluid into the nozzle body to be flowed out through the injection
holes while detecting physical value of abrasive fluid flowing through the injection holes, and a step of stopping the
processing when physical value of abrasive fluid flowing through the injection holes reaches a predetermined value. The
injection hole machining methods of a nozzle body claimed in the appended claims and injection hole machining apparatus
claimed in the appended claims are characterized as follows:

The method claimed in claim 1 is characterized in that an insert tool of which an injection hole side end part is shaped
similar to that of the needle valve which is to be inserted in actual operation of engines is inserted into the central
hollow of the nozzle body and retained at a position that the needle valve is lifted in actual operation of engines,
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then abrasive fluid flowing processing is performed.

[0016] The method claimed in the appended claims is characterized in that an insert tool of which an injection hole
side end part is shaped similar to that of the needle valve which is to be inserted in actual operation of engines and the
insert tool is retained in a position that the needle valve is lifted in actual operation of engines is used, abrasive fluid is
introduced into the nozzle body with its pressure maintained constant when performing abrasive fluid flowing processing,
detection of physical value of abrasive fluid flowing through each of the injection holes is done by detecting means
provided for each injection hole, and any of the injection holes is blocked when physical value of abrasive fluid flowing
through said any of the injection holes reaches a predetermined value. The processing ends when all of the injection
holes are blocked.

[0017] The method claimed in the appended claims is characterized in that an insert tool is used which has a conical
surface which can be brought into contact with a conical seat face in the nozzle body and passage grooves dependent
of each other of the number the same to that of the injection holes formed on the conical surface of the insert tool, the
passage grooves extending along a generation line of the conical surface of the insert tool so that an end of upstream
side thereof is communicated with the annular channel communicating to the fuel passage in the nozzle body when the
insert tool is inserted into the central hollow of the nozzle body with its rotation position relative to the nozzle body retained
at a determined rotation position and with the conical surface thereof being brought into contact with the conical seat
face of the nozzle body. Abrasive fluid processing is performed by introducing abrasive fluid into the nozzle body to be
flowed through the injection holes with the insert tool retained at the determined position and with pressure of the abrasive
fluid maintained at a constant pressure. Physical value of the abrasive fluid flowing out through the injection holes is
measured for every injection hole independently by each of detecting means provided at each of injection hole outlet
opening sides to measure the physical value of the abrasive fluid flowing out from each of the outlet opening. Any one
of the outlet openings is blocked when mass flow rate or volume flow rate of abrasive fluid calculated by relevant one
of the detecting means reaches a predetermined value. Abrasive fluid flowing processing ends when all of the injection
holes are blocked.

[0018] The method claimed in the appended claims is characterized in that an insert tool is used which has a conical
surface which can be brought into contact with a conical seat face in the nozzle body and passage grooves independent
of each other of the number the same as that of the injection holes formed on the conical surface, each passage groove
having a straight part extending along a generation line of the conical surface and a curved part continuing to the straight
part so that an end of upstream side thereof is communicated with an annular channel communicating to a fuel passage
in the nozzle body and the other end of downstream side thereof, i.e. downstream side of the curved part of the passage
groove is communicated with each of the injection holes when the insert tool is inserted into a central hollow of the nozzle
body with its rotation position relative to the nozzle body retained at a determined rotation position and with the conical
surface thereof being brought into contact with the conical seat face in the nozzle body. Abrasive fluid flowing processing
is performed by introducing abrasive fluid into the nozzle body to be flowed through the injection holes with the insert
tool retained at the determined position and with pressure of the abrasive fluid maintained at a constant pressure. Physical
value of the abrasive fluid flowed through each of the injection holes is measured for every injection hole independently
by each of detecting means provided at each of injection hole outlet opening sides to measure the physical value of the
abrasive fluid flowing out from each of the outlet openings. Any one of the outlet openings is blocked when mass flow
rate or volume flow rate of abrasive fluid calculated by relevant one of the detecting means reaches a predetermined
value. Abrasive fluid flowing processing ends when all of the injection holes are blocked.

[0019] The method claimed in the appended claims is characterized in that an insert tool is used which has a conical
surface which can be brought into contact with a conical seat face in the nozzle body and a passage groove formed on
the conical surface, the passage groove extending along a generation line of the conical surface so that an end of
upstream side thereof is communicated with an annular channel communicating to a fuel passage in the nozzle body
and the other end of down stream side thereof is communicated with one of the injection holes when the insert tool is
inserted into a central hollow of the nozzle body with its rotation position relative to the nozzle body being retained at a
determined rotation position and with the conical surface thereof being brought into contact with the conical seat face
in the nozzle body. Abrasive fluid flowing processing is performed by introducing abrasive fluid into the nozzle body to
be flowed through the one of the injection holes with the insert tool retained at the determined position and with pressure
of the abrasive fluid maintained at a constant pressure. Physical value of the abrasive fluid flowing out through the
injection hole is calculated by a detecting means for measuring physical value of the abrasive fluid flowing out from each
of the outlet opening. Processing of the one of the injection holes is stopped when mass flow rate or volume flow rate
of abrasive fluid flowing out from the outlet opening the injection hole reaches a predetermined value, then the insert
tool is rotated so that the passage groove is brought into communication with another one of the injection holes, and
processing of the another injection hole is performed in the same way. The processing is repeated until all of the injection
holes are processed.

[0020] The method claimed in the appended claims is characterized in that an insert tool is used which has a conical
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surface which can be brought into contact with a conical seat face in the nozzle body and a passage groove formed on
the conical surface, the passage groove having a straight part extending along a generation line of the conical surface
and a curved part continuing to the straight part so that an end of upstream side thereof is communicated with an annular
channel communicating to a fuel passage in the nozzle body and the other end of downstream side thereof, i.e. down-
stream side of the curved part of the passage groove is communicated with each of the injection holes when the insert
tool is inserted into a central hollow of the nozzle body with its rotation position relative to the nozzle body being retained
at a determined rotation position and with the conical surface thereof being brought into contact with the conical seat
face in the nozzle body. Abrasive fluid flowing processing is performed by introducing abrasive fluid into the nozzle body
to be flowed through the one of the injection holes with the insert tool is retained at the determined position and with
pressure of the abrasive fluid maintained at a constant pressure. Physical value of the abrasive fluid flowing out through
the injection hole is calculated by a detecting means for measuring physical value of the abrasive fluid flowing out from
each of the outlet opening. Processing of the one of the injection holes is stopped when mass flow rate or volume flow
rate of abrasive fluid flowing out from the outlet opening the injection hole reaches a predetermined value, then the insert
tool is rotated so that the passage groove is brought into communication with another one of the injection holes, and
processing of the another injection hole is performed in the same way. The processing is repeated until all of the injection
holes are processed.

[0021] The apparatus for machining injection holes of a nozzle body claimed in the appended claims is characterized
in that an insert tool is used which has an injection hole side end part shaped to be similar to that of the needle valve
and the other end of the insert tool has a flange part so that the insert tool is retained in a position that the needle valve
is lifted in actual operation of engines to allow fuel introduced to an annular channel in the nozzle body through a fuel
passage in the nozzle body to be injected from the injection holes.

[0022] The apparatus claimed in the appended claims is an apparatus claimed in claim 7 wherein processing stopping
timing detecting sections are provided which include physical value detectors for detecting physical value of abrasive
fluid flowing through each of the injection holes and computing units for calculating mass flow rate or volume flow rate
of abrasive fluid flowing out from each of the injection holes, whereby each of the processing stopping timing detecting
sections is provided at each of injection hole outlet opening sides.

[0023] The apparatus claimed in the appended claims is characterized in that an insert tool is used which has a conical
surface similar to that of the needle valve and passage grooves independent of each other of the number the same as
that of the injection holes formed on the conical surface, each passage groove extending along a generation line of the
conical surface so that an end of upstream side thereof is communicated with an annular channel communicating to a
fuel passage in the nozzle body and the other end of down stream side thereof is communicated with each of the injection
holes when the insert tool is inserted into a central hollow of the nozzle body with its rotation position relative to the
nozzle body being retained at a determined rotation position and with the conical surface thereof being brought into
contact with the conical seat face in the nozzle body, and processing stopping timing detecting sections are provided
which include physical value detectors for detecting physical value of abrasive fluid flowing through each of the injection
holes and computing units for calculating mass flow rate or volume flow rate of abrasive fluid flowing out from each of
the injection holes, whereby each of the processing stopping timing detecting sections is provided at each of injection
hole outlet opening sides.

[0024] The apparatus claimed in the appended claims is characterized in that an insert tool is used which has a conical
surface which can be brought into contact with a conical seat face in the nozzle body and passage grooves independent
of each other of the number the same as that of the injection holes formed on the conical surface, each passage groove
having a straight part extending along a generation line of the conical surface and a curved part continuing to the straight
part so that an end of upstream side thereof is communicated with an annular channel communicating to a fuel passage
in the nozzle body and the other end of downstream side thereof, i.e. downstream side of said curved part of the passage
groove is communicated with each of the injection holes when the insert tool is inserted into a central hollow of the nozzle
body with its rotation position relative to the nozzle body being retained at a determined rotation position and with the
conical surface thereof being brought into contact with the conical seat face in the nozzle body, and processing stopping
timing detecting sections are provided which include physical value detectors for detecting physical value of abrasive
fluid flowing through each of the injection holes and computing units for calculating mass flow rate or volume flow rate
of abrasive fluid flowing out from each of the injection holes, whereby each of said processing stopping timing detecting
sections is provided at each of injection hole outlet opening sides.

[0025] The apparatus claimed in the appended claims is characterized in that an insert tool is used which has a conical
surface similar to that of the needle valve and a passage groove formed on the conical surface such that the passage
groove extends along a generation line of the conical surface so that an end of upstream side thereof is communicated
with an annular channel communicating to a fuel passage in the nozzle body and the other end of down stream side
thereof is communicated with one of the injection holes when the insert tool is inserted into a central hollow of the nozzle
body with its rotation position relative to the nozzle body being retained at a determined rotation position and with the
conical surface thereof being brought into contact with the conical seat face in the nozzle body, a rotating means is
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provided to an abrasive fluid container or to a mounting platform for securing the nozzle body so that the rotating means
can rotate the insert tool about its central axis or rotate the mounting platform about the central axis of the supply passage
of the container for supplying abrasive fluid to the fuel passage of the nozzle body by a determined rotation angle, and
said processing stopping timing detecting section includes a physical value detector for detecting physical value of
abrasive fluid flowing through any of the injection holes and a computing unit for calculating mass flow rate or volume
flow rate of abrasive fluid flowing out from relevant injection hole.

[0026] The apparatus claimed in the appended claims is characterized in that an insert tool is used which has a conical
surface similar to that of the needle valve and a passage groove formed on the conical surface, the passage groove
having a straight part extending along a generation line of the conical surface and a curved part continuing to the straight
part so that an end of upstream side thereof is communicated with an annular channel communicating to a fuel passage
in the nozzle body and the other end of downstream side thereof, i.e. downstream side of said curved part of the passage
groove is communicated with each of the injection holes when the insert tool is inserted into a central hollow of the nozzle
body with its rotation position relative to the nozzle body being retained at a determined rotation position and with the
conical surface thereof being brought into contact with the conical seat face in the nozzle body, a rotating means is
provided to an abrasive fluid container or to a mounting platform for securing the nozzle body so that the rotating means
can rotate the insert tool about its central axis or rotate the mounting platform about the central axis of the supply passage
of the container for supplying abrasive fluid to the fuel passage of the nozzle body by a determined rotation angle, and
said processing stopping timing detecting section includes a physical value detector for detecting physical value of
abrasive fluid flowing through any of the injection holes and a computing unit for calculating mass flow rate or volume
flow rate of abrasive fluid flowing out from relevant injection hole.

[0027] The fuel injection nozzle claimed in the appended claims have following features:

The fuel injection nozzle claimed in the appended claims has a nozzle body having injection holes each of which
has an entrance corner rounded with a larger curvature radius in its upstream region of fuel flow than that in other
than the upstream region of fuel flow.

[0028] The fuel injection nozzle claimed in the appended claims has a nozzle body having concave portions of very
small depth on its conical seat face, the concave portions being formed to extend along generation lines of the conical
seat face by abrasive fluid flowing processing using the apparatus of the appended claims.

[0029] The fuel injection nozzle claimed in the appended claims has a nozzle body having concave portions of very
small depth formed on its conical seat face by abrasive fluid flowing processing, the number of the concave portions
being the same as that of the injection holes, each of the concave portions consisting of a straight part extending along
generation lines of the conical seat face in the nozzle body and a curved part continuing to the straight part, and the
entrance corner of each injection hole is rounded with a larger curvature radius in a region continuing to the concave
portion than in regions other than the region continuing to the concave portion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

FIG.1 is a schematic representation of an apparatus for machining injection holes of a nozzle body in the first and
second embodiments.

FIG.2a is a view showing general shape of the forefront part of a needle valve, FIG.2b is a sectional view showing
positional relation between the needle valve and nozzle body at the forefront part thereof when the injection holes
are closed, and FIG.2c is a view as in FIG.2b when the injection holes are opened.

FIG.3a is a view showing the shape of the forefront part of the insert tool used in the first embodiment, FIG. 3b is
an enlarged sectional view of apart A in FIG. 1 nearinjection holes, and FIG.3cis a section along line B4-B, in FIG.3b.
FIG.4a is a view showing the shape of the forefront part of the insert tool having a spacer part used in the first
embodiment, FIG.4b is an enlarged sectional view of a part A in FIG.1 near injection holes, and FIG.4c is a section
along line B5-B, in FIG.4b.

FIG.5a is a view showing the shape of the forefront part of the insert tool used in the second embodiment, FIG. 5b
is an enlarged sectional view of a part A in FIG. 1 near injection holes, and FIG. 5c is a section along line B3-Bs in
FIG. 5b.

FIG.6 is a schematic representation of an apparatus for machining injection holes of a nozzle body in the third
embodiment.

FIG.7a is a view showing the shape of the forefront part of the insert tool used in the third embodiment, FIG. 7b is
an enlarged sectional view of a part A, in FIG. 6 near injection holes when sectioned by a plane containing the
central axis of an injection hole and the central axis of the insert tool, FIG.7c is a section along line B4-B, in FIG.7b,
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and FIG.7d is a sectional view when sectioned by a containing the center line of the straight part of a passage groove
and the central axis of the insert tool(section along line B5-B5 in FIG.7¢).

FIG. 8a is a sectional view of the forefront part (part near the injection holes) of the nozzle body processed by the
processing method of the third embodiment, and FIG.8b is a section along line Bg-Bg in FIG.8a.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] Preferred embodiments of the presentinvention will now be detailed with reference to FIGS.1 to 8. The invention
shall not be limited to the embodiments described hereafter, it is recognized that variations and changes may be made
therein without departing from the invention as set forth in the claims of the invention.

[The first embodiment]

[0032] First, the first embodiment of the invention will be explained referring to FIGS. 1 to 4. FIG. 1 is a schematic
representation of an apparatus for machining injection holes of a nozzle body in the first embodiments.

[0033] The apparatus comprised mainly of an abrasive fluid supply section 1, a mounting platform 10, a nozzle body
20 to be processed, an insert tool 30 for abrasive fluid flowing processing, processing end detection sections 40, flow
blocking sections 50, and a controller 60.

[0034] The abrasive fluid supply section 1 is composed of a barrel 2, a piston 3, a load detector 4, a displacement
detector 5, and a piston drive device not shown in the drawing. The barrel 2 has an inside space in which abrasive fluid
7 is contained. A passage 6 for the abrasive fluid to flow through that has a diameter approximately as same as a
diameter of fuel passage 21 of the nozzle body to be processed, is provided at the lower end of the inside space of the
barrel 2. The piston 3 is placed in the inside space of the barrel 2 slidable with a small clearance to seal the abrasive
fluid in the inner space. Driving force F is applied to the piston 3 by the piston drive device to push out the abrasive fluid
7 in the barrel 2 through the passage 6.

[0035] The load detector 4 and displacement detector 5 are provided to the piston 3. The load detector 4 serves to
monitor so that pressure of abrasive fluid is maintained constant during abrasive fluid flowing processing and the dis-
placement detector 5 serves to monitor piston displacement so that flow rate of abrasive fluid is calculated. The two
detectors are connected to the controller 60 and to the piston drive device not shown in the drawing for closed-loop
controlling.

[0036] The controller 60 controls so that pressure of abrasive fluid calculated by the two detectors is maintained
constant.

[0037] The nozzle body 20 to be processed has a central hollow for accommodating a needle valve, and a tapered
seat face 23 is formed in the central hollow at its forefront part. Six injection holes 24 are located at equal spacing in
circumferential direction on the seat face 23. The six injection holes are drilled or formed by laser processing to com-
municate the central hollow with the outside of the nozzle body 20 beforehand. The nozzle body 20 has a fuel passage
21 extending from the rear end thereof to an annular space 22 provided in the central hollow at a central part thereof so
that fuel is introduced from the annular space 22 to the injection holes 24 to be injected there through.

[0038] The nozzle body 20 is fixed to the mounting platform 10 by means not shown in the drawing, the insert tool 30
is inserted into the central hollow of the nozzle body 20, and the insert tool 30 is retained in position for abrasive fluid
flowing processing.

[0039] Here, before explaining the insert tool used in abrasive fluid flowing processing of the first embodiment, opening
and closing of a fuel injection nozzle will be explained briefly. FIG.2a is a view showing general shape of the forefront
part of a needle valve, FIG.2b is a sectional view showing positional relation between the needle valve and the nozzle
body at the forefront part thereof when the injection holes are closed, and FIG.2c is a view as in FIG.2b when the injection
holes are opened.

[0040] In this specification, the fuel injection nozzle means a combination of a nozzle body and a needle valve. A
needle valve 100 having a two-stage-tapered pointed end part as shown in FIG.2a or having a one-stage-tapered pointed
end part not shown in the drawing is widely used. When the pointed end part of the needle valve 100 is seated on the
seat face in the central hollow of the nozzle body 20, the injection holes are closed and fuel is not injected. In this state,
the salient boundary between the two tapered surfaces of the needle valve 100 is seated on the seat face 23 of the
nozzle body 20 and fuel is interrupted from flowing to the injection holes. Through this seated part seems as if the salient
boundary is brought into line contact with the seat face, actually they are brought into face contact due to elastic defor-
mation of the contacting part of the needle valve 100 with nozzle body 20. When the needle valve 100 is lifted in its axial
direction as shown in FIG.2c, fuel flows through the annular aperture resulted between the lifted needle valve 100 and
nozzle body 20 to the injection holes 24. The maximum lift of the needle valve is usually predetermined, it is possible to
compose such that needle valve lift is variable continuously or stepwise according to engine operation conditions.
[0041] Theinserttool 30 is inserted into the central hollow of the nozzle body 20 for the purpose of performing abrasive
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fluid flowing processing under a condition of actual fuel flow as shown in FIG.2¢c. How the insert tool is utilized for the
purpose will be explained hereafter.

[0042] FIG.3ais a view showing the shape of the forefront part of the insert tool used in the first embodiment, FIG. 3b
is an enlarged sectional view of a part A4 in FIG. 1 near injection holes, and FIG.3c is a section along line B4-B4 in FIG.3b.
[0043] Aninserttool 30 having a pointed end part similar in shape to the needle valve 100 as shown in FIG.3a is used
when performing abrasive fluid flowing processing of the injection holes of the nozzle body 20. A pointed end part similar
in shape to the needle valve 100 means that an annular passage formed between the pointed end part of the insert tool,
i.e. conical surface of the insert tool 30 and the conical seat face inside the nozzle body facing the conical surface of
the insert tool 30 when the insert tool 30 is retained in position for abrasive fluid flowing processing is similar to that
formed from near the seat portion to near the injection holes when the needle valve 100 is lifted in actual operation of
engines. Therefore, the conical surface of the insert tool may be formed in the same shape as that of the needle valve
100 or formed in the shape as shown in FIG.4a. The insert tool is preferably made of abrasion resistant material in
consideration of abrasion by abrasive grains contained in abrasive fluid.

[0044] The inserttool 30 is inserted into the central hollow of the nozzle body 20 such that the central axis of the insert
tool coincides with that of the central hollow of the nozzle body 20 and the insert tool 30 is retained at a position at which
the seat part of the conical surface of the insert tool departs from the conical seat face in the nozzle body 20 by a height
of h along the central axis. The height h may be the maximum lift of the needle valve 100 in engine operation or smaller,
however, it is more preferable that the height h is a half lift (half of the maximum lift of the needle valve 100) in point of
view of reducing processing period. In F,G.3b, the chain line represents the profile of the conical surface of the insert
tool 30 when its seat part is seated on the conical seat face in the nozzle body 20. In this case, abrasive fluid flowing
processing is performed with the insert tool having the conical surface the same in shape to that of the needle valve 100
being retained at the maximum lift position of the needle valve. In this way, abrasive fluid flowing processing can be
performed with the passage for abrasive fluid to be flowed being simulative of the actual fuel passage.

[0045] By retaining the insert tool 30 in position, conical annular channel is formed and the abrasive fluid can flow
through the passage space surrounding the conical surface of the insert tool 30 to be introduced to the injection holes
24 as shown in FIG.3c. Therefore, as to adjusting of position of the insert 30, only adjusting height position of the insert
tool 30 is needed regardless of rotation position of the insert tool 30 relative to the nozzle body 20. The insert tool 30
can be retained in position by providing a flange part at the upper end thereof, for example, as shown in FIG. 1. Itis also
possible to provide an insert tool retaining mechanism comprising an actuator and controller not shown in the drawing
in order to fine-adjust axial positioning of the insert tool.

[0046] Another adjusting means of axial position of the insert tool 30 is shown in FIG.4a and 4b in which the insert
tool 30 is shaped to have a conical surface of a spacer part 25 as a pointed end part to contact the lower end part of the
conical seat face in the nozzle body 20. In this case, positioning of the insert tool is done by the contact of the spacer
part 25 to the conical seat face in the nozzle body 20. In this case, as the spacer part 25 is positioned at a position lower
the injection holes 24, the fluid passage upstream from the injection holes 24 can be formed in a shape similar to the
actual fuel passage in engine operation.

[0047] As mentioned above, the insert tool 30 is inserted into the central hollow of the nozzle body 20, the insert tool
30 is retained in position, then the barrel 2 is attached so that the abrasive fluid flow passage 6 of the barrel 2 is
communicated with the fuel passage 21 of the nozzle body 20, and the barrel 2 is fixed to the nozzle body concerning
rotation position by a dowel pin 70. The abrasive fluid 7 in the barrel 2 pushed out by moving down the piston 3 through
the flow passage 6 to the fuel passage 21 of the nozzle body 20 and introduced to the nozzle holes 24 through the
annular channel 22 between the cylindrical part of the central hollow of the nozzle body and the cylindrical part of the
insert tool and through the conical annular channel between the conical seat face 23 and the conical surface shaped
similar to the conical surface of the needle valve 100.

[0048] As abrasive grains, silicon carbide, aluminum oxide, diamond, etc. may be used as has been used conven-
tionally, and grain size is selected in accordance with the targeted diameter of injection hole. As to the medium for
carrying abrasive grains, itis preferable to select a fluid having viscosity characteristic similar to that of fuel actually used
so that abrasive fluid flowing processing is performed in a flow condition similar to that in the actual fuel flow when the
abrasive fluid is flowed under pressure under which the abrasive fluid flow becomes a turbulent flow.

[0049] Each of the processing end detection sections 40 includes an abrasive fluid receiver 41, a load detector 42,
and a computing unit not shown in the drawing. Each of the processing end detection section 40 is provided at the outlet
side of each of the injection holes 24 so that weight of abrasive fluid passed through each injection hole can be measured
independently. The detected weight of the abrasive fluid detected by the load detector 42 is inputted to the computing
unit. Each of the computing unit sends a signal to the controller 60 when the mass flow rate of the abrasive fluid computed
by each computing unit reaches a predetermined value, and the controller 60 connected to each load detector 42 sends
a demand signal to each flow blocking section 50.

[0050] Each of the flow blocking sections 50 includes an air cylinder 51 and a blocking member 52 and provided near
the outlet of each injection hole 24. The flow blocking sections 50 are connected to the controller 60. The air cylinder
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51 pushes the blocking member 52 to block the outlet opening of a relevant injection hole upon receiving demand signal
from the controller 60 to stop abrasive fluid flowing processing of the relevant injection hole. At the same time, the
controller controls to reduce downward moving velocity of the piston so that pressure of the abrasive fluid in the barrel
2 is maintained constant. Abrasive fluid flowing processing ends when all of the holes are blocked.

[0051] The processing end detection sections 40 provided at the outlet side of each of the injection holes 24 use the
load detectors 42 for detecting flow rate of abrasive fluid flowing out through each of the injection holes 24 in the
embodiment, flow meters of any type which can measure flow rate of abrasive fluid flowing out through the each of the
injection holes may be used. Any devices that can measure weight or volume per unit time of abrasive fluid flowing out
through each of the injection holes can be adopted.

[0052] A nozzle body processed by the method and apparatus of the embodiment will have injection holes of which
the entrance corner of each hole is rounded with a larger curvature radius in the upstream side of fuel in actual operation
of engines than in the entrance corner other than the upstream side, because the sectional area of conical flow passage
is reduced from the seat part toward the injection holes and the abrasive fluid flow is flexed larger at the entrance corner
of upstream side as compared with the case the insert tool is not inserted into the central hollow of the nozzle body.
When fuel is injected through the holes in actual operation of engines, a large part of fuel flows into the injection holes
via the upstream side entrance corner of the holes, so the nozzle body with injection holes rounded with a larger curvature
radius in the upstream side entrance corner where resistance for the flow entering the injection hole is particularly large
is advantageous for fuel atomization and occurrence of cavitation erosion is reduced. Further, as abrasive fluid flowing
processing for each injection hole is stopped independently when flow rate in weight or volume of abrasive fluid through
the relevant injection hole reaches a predetermined rate, fuel atomization characteristic of each injection hole is evened.

[The second embodiment]

[0053] Next, the second embodiment will be explained. In this embodiment, procedure in abrasion fluid processing in
the second embodiment is the same as that in the first embodiment, an insert tool 30 different in shape from the insert
tool 30 in the first embodiment is used in the second embodiment, because the insert tool in the second embodiment
must be fixed in rotation position relative to the nozzle body. The injection hole processing apparatus shown in FIG.1
can be used for performing the second embodiment of the abrasion fluid processing.

[0054] FIG. 5a is a view showing the shape of the forefront part of the insert tool used in the second embodiment,
FIG. 5b is an enlarged sectional view of a part A, in FIG. 1 near injection holes, and FIG.5c is a section along line B3-B,
in FIG.5b.

[0055] As shown in FIG.5a, the insert tool 30 used in the embodiment has a conical end part to be seated on the
conical seat face 23 in the nozzle body, and a plurality of passage grooves 31 are formed independently of each other
on the conical surface of the insert tool 30, the number of the grooves being the same as that of the injection holes.
Each of the grooves 31 extends along a generation line of the conical surface of the insert tool so that the annular channel
22 is communicated with each of the injection holes 24 via each of the passage grooves 31. The conical surface of the
insert tool 30 is formed similar to that of the needle valve 100 and the depth of each of the passage grooves 31 from
the conical surface is about the same to maximum height of lift of the needle valve 100 in actual operation of engines.
[0056] Therefore, as shown in FIG.5b, by inserting the insert tool 30 into the nozzle body 20 so that the conical surface
of the insert tool contacts the conical seat face in the nozzle body 20 and rotation position of the insert tool is retained
so that the lower end part of each of the passage grooves 31 is communicated with each of the injection holes 24,
abrasive fluid flows through each of the passage groove 31 of which the upper end is communicated with the annular
channel 22 and through each of the injection holes 24. In the embodiment, the injection holes 24 are provided at equal
spacing in circumferential direction, the passage grooves 31 are also provided at equal spacing in circumferential direction.
When inserting the insert tool 30, axial position of the insert tool 30 is determined by the contact of the conical surface
of the insert tool and the conical seat face in the nozzle body 20, and only rotation position of the insert tool 30 is needed
to be adjusted.

[0057] The width of each passage groove 31 preferably wider than the diameter of injection hole 24 so that rounding
of the entrance corner of the injection hole 24 is affected all around the corner by abrasive fluid flowing through the
injection hole 24. It is also preferable that the passage grooves 31 extend below the lower side entrance corner of the
injection holes 24 when the insert tool 30 is in position.

[0058] By supplying abrasive fluid through the fuel passage 21 of the nozzle body 20 with pressure of the abrasive
fluid 7 maintained at a constant pressure as is in the first embodiment, the abrasive fluid flows to the injection holes 24
via the annular channel 22 and the passage grooves 31 with the insert tool 30 retained in position, and abrasive fluid
flowing processing of the injection holes is performed in the same way as in the first embodiment. Stopping of the
processing of each of the injection holes 24 is done in the same way as in the first embodiment.

[0059] A nozzle body processed by the method and apparatus of the embodiment will have injection holes of which
the entrance corner of each injection hole is rounded with a larger curvature radius in the upstream side than in the
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entrance corner other than the upstream side, because abrasive fluid flows only through the passage grooves 31 ex-
tending along the along the generation lines of the conical surface, so the abrasive fluid flows into each injection hole
24 concentrically from the entrance thereof and the flow is flexed large at the upstream side corner of the entrance of
the injection hole. When fuel is injected through the holes in actual operation of engines, a large part of fuel flows into
the injection holes via the upstream side entrance corner rounded with a larger curvature radius where resistance for
the flow entering the injection holes is particularly large, so the nozzle body with injection holes rounded with a larger
curvature radius in the upstream side corner than in the downstream side corner is advantageous for fuel atomization
and occurrence of cavitation erosion is reduced. Further, as abrasive fluid flowing processing for each injection hole is
stopped independently when flow rate in weight or volume of abrasive fluid through the relevant injection hole reaches
a predetermined rate, fuel atomization characteristic of each injection hole is evened.

[0060] Further, as abrasive fluid flows through the straight passage grooves 31, concave portions of very small depth
not shown in the drawings are formed in the conical seat face 23 in the nozzle body 20 extending downstream along
generation lines of the conical seat face to the injection holes 24. That is, the concave portions are formed to reach the
injection holes 24 by the most direct way. Therefore, in actual operation of engines, fuel flows to the injection holes 24
easier taking the shortest way, and it is advantageous for increased fuel flow through the injection holes 24.

[0061] When the needle valve 100 is inserted into the central hollow of the nozzle body processed by the method and
apparatus of the embodiment in actual operation of engines, fuel leak through the concave portions when the needle
valve 100 is seated on the conical seat face 23 is prevented by designing so that proper elastic deformation occurs in
the seating portion of the conical surface of the needle on the conical seat face in the nozzle body.

[The third embodiment]

[0062] Next, the third embodiment will be explained. This embodiment differs from the first and second embodiments
in that the insert tool is differently shaped and that abrasive fluid flowing processing of one injection hole is performed
at a time.

FIG. 6is aschematic representation of an apparatus for machining injection holes of a nozzle body in the third embodiment.
FIG.7a is a view showing the shape of the forefront part of the insert tool used in the third embodiment, FIG.7b is an
enlarged sectional view of a part A, in FIG. 6 near injection holes when sectioned by a plane containing the central axis
of an injection hole and the central axis of the insert tool, FIG.7c is a section along line B4-B, in FIG.7b, and FIG.7d is
a sectional view when sectioned by a containing the center line of the straight part of a passage groove and the central
axis of the insert tool (section along line B5-B5 in FIG.7¢).

[0063] AsshowninFIG.7a, the inserttool 30 used in the embodiment has a conical surface to be seated on the conical
seat face 23 in the nozzle body, and a passage groove 31 are formed on the conical surface of the insert tool 30. The
groove 31 consists of a straight part 31a extending along a generation line of the conical surface of the insert tool and
a curved part 31b succeeding to the straight part 31a. The conical surface of the insert tool is formed similar to that of
the needle valve 100 and the depth of the passage groove 31 from the conical surface is about the same to maximum
height of lift of the needle valve 100.

[0064] As shown in FIG.7b, FIG.7c, and FIG.7d, by inserting the insert tool 30 into the nozzle body 20 so that the
conical surface thereof contacts the conical seat face in the nozzle body 20 and rotation position thereof is retained so
that the lower end part of the passage grooves 31 is communicated with one of the injection holes 24, abrasive fluid
flows through the passage groove 31 of which the upper end is communicated with the annular channel 22 and through
the relevant injection hole 24. When inserting the insert tool 30, axial position of the insert tool 30 is determined by the
contact of the conical surface of the insert tool and the conical seat face in the nozzle body 20, and only rotation position
of the insert tool 30 is needed to be adjusted.

[0065] Abrasive fluid flowing processing is performed by supplying the abrasive fluid 7 in the barrel 2 with pressure
maintained at a constant pressure to the nozzle body 20 in the same way as in the first and second embodiment.
[0066] In the embodiment, when volume flow rate of abrasive fluid_calculated from displacement of the piston 3
detected by the displacement detector 5 reaches a predetermined value to stop abrasive fluid flowing processing, the
controller 60 connected to the displacement detector 5 sends a demand signal to the piston 3 to stop its actuation. The
load detector 4 and displacement detector 5 serve respectively as a monitoring sensor for maintaining pressure of
abrasive fluid constant and a monitor sensor for determining timing of stopping abrasive fluid flowing processing. It is
suitable of course to provide a processing end detection section separately as in the first and second embodiment.
[0067] When processing of one of the injection holes is finished, the insert tool 30 is rotated by a rotating means 80
so that the lower end part of the curved part of the passage groove 31 is brought into communication with one of other
unprocessed injection holes and abrasive fluid flowing processing is performed for the injection hole. This process is
repeated until all of the injection holes are processed.

[0068] The rotating device 80 includes a rack 81, a pinion 82, and a linear motor 83. The linear motor 83 is connected
to the controller 60. The linear motor 83 shifts the rack 81, which is provided to the barrel 2 so that the rack 81 does not
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interfere the abrasive fluid in the barrel 2, by a predetermined distance in a determined direction upon recognizing a
demand signal to shift the rack 81 sent from the controller 60. The pinion 82 is fixed to the upper end of the insert tool
30 and engaged with the rack 81, so the insert tool 30 is rotated by the circumferential angle between the injection holes
so that the next injection hole to be processed is communicated with the passage groove 31 by shifting the rack 81 by
the predetermined distance. When the injection holes are not formed at equal spacing to each other, shifting distance
is determined in accordance with each circumferential pitch of the injection holes.

[0069] Inthe embodiment, although insert tool 30 is rotated, it is possible to compose such that the mounting platform
10 to which the nozzle body 20 is fixed is rotated about the central axis of the passage 6 of the barrel 2.

[0070] FIG. 8ais a sectional view of the forefront part (part near the injection holes) of the nozzle body processed by
the processing method of the third embodiment, and FIG.8b is a section along line Bg-Bg in FIG.8a. A broken line in
FIG.8a indicate the seat position, the fuel injection nozzle is closed or opened when the needle valve 100 is seated on
or departs from the seat position.

[0071] A nozzle body processed by the method and apparatus of the embodiment will have concave portions 26 of
very small depth in the conical seat face 23 in the nozzle body 20 in the range below the seat position indicated by the
broken line as shown in FIG.8a and 8b, each of the concave portions 26 corresponding to the passage groove 31. Each
of the concave portions 26 extends to the injection hole 24 with which the passage groove was communicated when
performing abrasive fluid flowing processing.

[0072] In the case of processing the nozzle body by the method and apparatus of the embodiment, abrasive fluid is
introduced to each injection hole 24 through the passage groove 31 and the entrance corner of the injection hole is
ground by abrasive fluid concentrically at its corner connecting to the passage groove 31, so the entrance corner of the
injection hole 24 is rounded large at one side and rounded small at the other side, and in actual operation of engines
fuel tends to flow into each of the injection holes 24 via the entrance corner side rounded large. As a result, there occurs
difference in fuel flow velocity between at the entrance corner rounded with a large radius and that rounded with a small
radius, swirling flow is generated, and atomization of a larger angle of spray can be obtained.

[0073] Further, in the embodiment, as abrasive fluid flowing processing is performed for one injection hole at a time,
only one processing end detection means is needed, and timing of stopping abrasive fluid flowing processing for all of
the injection holes can be detected by one processing end detection means. In this case, it is also suitable to provide a
means to rotate the mounting platform 10 to which the nozzle body 20 is fixed on the central axis of the passage 6 of
the barrel 2 so that the fluid flowing out from one injection hole is received in the fluid receiver of the one processing
end detection means every time abrasive fluid flowing processing for one injection hole is finished. Therefore, variation
in accuracy of the processing end detection means does not occur, which may occur when plural injection holes are
processed at the same time, and processing can be performed with higher accuracy.

[0074] While explanation has been done based on three embodiments, itis suitable to combine for example the second
embodiment with the third embodiment such that an insert tool having one straight passage groove is used for processing
injection holes one by one. It is suitable also to combine the third embodiment with the first and second embodiment
such that an insert tool having a plurality of passage grooves each of which has a straight part and a curved part is used
for processing all of the injection holes at the same time.

[0075] Further, when using an insert tool having a plurality of passage grooves, it is sufficient to use an insert tool that
has passage grooves to correspond with injection holes, and shape of the grooves is not limited to be as described in
the explanation of the first to third embodiments. Of course, the invention can be applied to the case of single injection hole.
[0076] According to the injection hole machining methods of the appended claims and according to the injection hole
machining apparatuses of the appended claims, the injection hole side end part of the insert tool is shaped similar to
that of the needle valve and the insert tool is retained at a position that the needle valve is lifted in actual operation of
engines when abrasive fluid flowing processing is performed, abrasive fluid flows through a space very similar to that
when fuel flows in actual operation of engines at least upstream of the injection holes. As a result, the entrance corner
of each injection hole is rounded with a larger radius of curvature particularly in the upstream region of fuel flow than
other regions, and a nozzle body claimed in claim 13 can be obtained. In actual operation of engines, a large part of fuel
flows concentrically from the upstream side entrance corner into the injection hole, so it is very important to be able to
round the upstream side entrance corner with a large radius curvature. That is, the entrance corner of the injection hole
can be effectively rounded with a large radius of curvature in a region where flow resistance is large for fuel entering the
injection hole, and occurrence of cavitation erosion due to occurrence of separation of fuel flow near the needle valve
and injection holes is suppressed and variation in fuel injection characteristic is reduced.

[0077] According to the injection hole machining methods of the appended claims and according to the injection hole
machining apparatuses according to the appended claims abrasive fluid flows through the passage groove or grooves
formed on the conical surface of the insert tool to the injection holes, the entrance corner of each of the injection holes
is ground by abrasive fluid concentrically at its corner connecting to the passage groove or grooves, so the entrance
corner of the injection hole is rounded large at one side and rounded small at the other side, concave portions of very
small depth are formed on conical seat face in the nozzle body, and a nozzle body claimed in claim 14 can be obtained.
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In actual operation of engines, a large part of fuel flows concentrically from the upstream side entrance corner into the
injection hole, so it is very important to be able to round the upstream side entrance corner with a large radius curvature.
That is, the entrance corner of the injection hole can be effectively rounded with a large radius of curvature in a region
where flow resistance is large for fuel entering the injection hole, and occurrence of cavitation erosion due to occurrence
of separation of fuel flow near the needle valve and injection holes is suppressed.

[0078] Further, as abrasive fluid flows through the passage groove or grooves, concave portions of very small depth
are formed in the conical seat face in the nozzle body extending downstream along generation lines of the conical seat
face to the injection holes. That is, the concave portions are formed to reach the injection holes by the most direct way.
Therefore, in actual operation of engines, fuel flows to the injection holes easier taking the shortest way, and it is
advantageous for increased fuel flow through the injection holes.

[0079] According to the injection hole machining methods of the appended claims and according to the injection hole
machining apparatuses of the appended claims concave portions of very small depth each of which consists of a straight
part and a curved part continuing to the straight part are formed on the conical seat face in the nozzle body in the
downstream range from seating position of the conical surface of the needle valve on the conical seat face in the nozzle
body in actual operation of engines, and an injection nozzle claimed in claim 15 is obtained. When fuel flows in actual
operation of engines, the fuel tends to flow swirling influenced by the concave portions to the injection holes, and
atomization of a larger angle of spray can be obtained.

[0080] Further,according to the injection hole machining methods of the appended claims and according to the injection
hole machining apparatuses of the appended claims abrasive fluid flowing processing is performed for plural injection
holes concurrently while measuring mass flow rate or volume flow rate of abrasive fluid flowing through each of the
injection holes independently, processing is stopped for any one of the injection holes when flow rate of abrasive fluid
flowing through the relevant injection hole reaches a predetermined value by blocking the relevant injection hole, and
processing finished when all of the injection holes are blocked.

[0081] By the way, abrasive fluid in the barrel of the abrasive fluid supply section is agitated enough to be homogeneous
fluid, so volume flow rate can be converted to mass flow rate simply by multiplying density thereof.

[0082] According to the injection hole machining methods of the appended claims and according to the injection hole
machining apparatuses of the appended claims, the injection holes are processed one by one, so only one processing
end detection means is required. Therefore, flow rate of abrasive fluid flowing through each of the injection holes is
measured by a single processing end detection means, and variation in flow rate measurement due to variation in
accuracy of plural processing end detection means which may occur when performing processing of plural injection
holes concurrently is eliminated. So, it is suitable to adopt a method and apparatus with which processing of injection
holes is performed one by one when it is required to achieve equalization in flow characteristic rigorously, and to adopt
a method and apparatus with which the processing of plural injection holes is performed concurrently and in shorter time
period when requirement for exactness of equalization in flow characteristic is not so rigorous.

Claims

1. Afuel injection nozzle comprising a nozzle body having injection holes at its forefront end part, a needle valve (100),
an annular channel (22) in the nozzle body (20) characterizing in that said nozzle body has concave portions (26)
of very small depth on its conical seat face (23), the concave portions being partly or entirely formed to extend along
generation lines of the conical seat face.

2. Afuel injection nozzle according to claim 1, characterized in that a nozzle body thereof has injection holes at its
forefront end part, wherein each of said injection holes (24) has an entrance corner rounded large at one side and
rounded small at the other side to create difference in fuel flow velocities of the fuel flowing into the injection hole
between the entrance corner rounded with a large radius and that rounded with a small radius whereby generating
swirling flow in the fuel when the fuel flows into the injection hole (24).

3. A fuel injection nozzle according to claim 1, characterized in that a nozzle body thereof has injection holes at its
forefront end part, wherein each of the injection holes has an entrance corner rounded with a larger curvature radius
in its upstream region of fuel flow than that in other than the upstream region of fuel flow.

4. Aninjection hole machining method of a nozzle body having an injection hole or holes (24) in order to round entrance
corners of each hole, the nozzle body (20) being a member of a fuel injection nozzle according to one of the preceding
claims with a needle valve (100), wherein the method comprises
a step of inserting an insert tool (30) of which an injection hole side end part is shaped similar to that of the needle
valve (100) and retaining said insert tool in a position similar to that of the needle valve when lifted in actual operation
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of engines to allow fuel introduced to an annular channel (22) in the nozzle body (20) through a fuel passage in the
nozzle body to be injected from the injection holes,

a step of performing abrasive fluid flowing processing to round the entrance corner of at least one of the injection
holes by introducing abrasive fluid (7) into the nozzle body (20) to be flowed through at least one of the injection
holes (24) while measuring physical value of the abrasive fluid flowed through at least one of the injection holes
(24), and

a step of stopping the processing when the physical value of the abrasive fluid flowed through at least one of the
injection holes reaches a predetermined value.

An injection hole machining method according to claim 4, characterized in that

during said step of inserting an insert tool (30), said insert tool is inserted into a central hollow of the nozzle body
(20) so that the insert tool is retained in position,

during said step of performing abrasive fluid flowing processing, abrasive fluid (7) is flowed through the injection
holes (24) while measuring physical value of the abrasive fluid flowed through the injection holes, during said step
of stopping, the processing is stopped when the physical value of the abrasive fluid flowed through the injection
holes reaches a predetermined value;

wherein abrasive fluid flowing processing is performed with pressure of the abrasive fluid maintained at a constant
pressure, physical value of the abrasive fluid flowed through the injection holes (24) is measured for every injection
hole independently by each of detecting means (40) provided at each of injection hole outlet opening sides to
measure said physical value of the abrasive fluid flowing out from each of the outlet opening, each of said outlet
openings is blocked when any one of mass flow rate or volume flow rate of abrasive fluid flowing out from the outlet
opening reaches a predetermined value, and processing is finished when all of the injection holes (24) are blocked.

An injection hole machining method according to claim 4, characterized in that

during said step of inserting an insert tool (30), said insert tool is inserted into a central hollow of the nozzle body
(20) so that the insert tool is retained in position,

during said step of performing abrasive fluid flowing processing, abrasive fluid (7) is flowed through the injection
holes (24) while measuring physical value of the abrasive fluid flowed through the injection holes, and during said
step of stopping, the processing of any one of the injection holes (24) is stopped when the physical value of the
abrasive fluid flowed through said one of the injection holes reaches a predetermined value;

wherein said insert tool (30) has a conical surface which can be brought into contact with a conical seat face (23)
in the nozzle body, passage grooves (31) independent of each other of the number the same as that of the injection
holes (24) are formed on the conical surface such that each passage groove (31) extends along a generation line
of the conical surface so that an end of upstream side thereof is communicated with an annular channel (22)
communicating to a fuel passage (21) in the nozzle body (20) and the other end of down stream side thereof is
communicated with each of the injection holes when the insert tool is inserted into a central hollow of the nozzle
body with its rotation position relative to the nozzle body being retained at a determined rotation position and with
the conical surface thereof being brought into contact with the conical seat face (23) in the nozzle body (20), said
insert tool (30) is retained at said determined position, abrasive fluid flowing processing is performed by introducing
abrasive fluid into the nozzle body to be flowed through the injection holes with pressure of the abrasive fluid
maintained at a constant pressure, physical value of the abrasive fluid flowing out through the injection holes is
measured for every injection hole independently by each of detecting means (40) provided at each of injection hole
outlet opening sides to measure said physical value of the abrasive fluid flowing out from each of the outlet opening,
any one of said outlet openings is blocked when mass flow rate or volume flow rate of abrasive fluid calculated by
relevant one of the detecting means reaches a predetermined value, and processing is finished when all of the
injection holes (24) are blocked.

An injection hole machining method according to claim 4, characterized in that

during said step of inserting an insert tool (30), said insert tool is inserted into a central hollow of the nozzle body
(20) so that the insert tool is retained in position,

during said step of performing abrasive fluid flowing processing, abrasive fluid is flowed through the injection holes
(24) while measuring physical value of the abrasive fluid (7) flowed through the injection holes, and during said step
of stopping, the processing of any one of the injection holes is stopped when the physical value of the abrasive fluid
flowed through said one of the injection holes (24) reaches a predetermined value; wherein said insert tool (30) has
a conical surface which can be brought into contact with a conical seat face (23) in the nozzle body, passage grooves
(31) independent of each other of the number the same as that of the injection holes are formed on the conical
surface such that each passage groove has a straight part (31a) extending along a generation line of the conical
surface and a curved part (31b) continuing to the straight part so that an end of upstream side thereof is communicated
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with an annular channel (22) communicating to a fuel passage (21) in the nozzle body (20) and the other end of
downstream side thereof, i.e. downstream side of said curved part (31b) of the passage groove is communicated
with each of the injection holes (24) when the insert tool (30) is inserted into a central hollow of the nozzle body with
its rotation position relative to the nozzle body (20) retained at a determined rotation position and with the conical
surface thereof being brought into contact with the conical seat face (23) in the nozzle body, said insert tool is
retained at said determined position, abrasive fluid flowing processing is performed by introducing abrasive fluid
into the nozzle body to be flowed through the injection holes (24) with pressure of the abrasive fluid maintained at
a constant pressure, physical value of the abrasive fluid flowed through each of the injection holes (24) is measured
for every injection hole independently by each of detecting means provided at each of injection hole outlet opening
sides to measure said physical value of the abrasive fluid flowing out from each of the outlet opening, any one of
said outlet openings is blocked when mass flow rate or volume flow rate of abrasive fluid calculated by relevant one
of the detecting means (40) reaches a predetermined value, and processing is finished when all of the injection
holes (24) are blocked.

An injection hole machining method according to claim 4, characterized in that

during said step of inserting an insert tool (30), said insert tool is inserted into a central hollow of the nozzle body
(20) so that the insert tool is retained in position,

during said step of performing abrasive fluid flowing processing, abrasive fluid (7) is flowed through any one of the
injection holes (24) while measuring physical value of the abrasive fluid flowed through the injection holes (24),
during said step of stopping, the processing is stopped when the physical value of the abrasive fluid flowed through
said any one of the injection holes (24) reaches a predetermined value, and

the method further comprises a step of rotating the insert tool (30) to perform the processing of another one of the
injection holes (24); wherein said insert tool has a conical surface which can be brought into contact with a conical
seat face (23) in the nozzle body (20), a passage groove (31) is formed on the conical surface such that the passage
groove extends along a generation line of the conical surface so that an end of upstream side thereof is communicated
with an annular channel (22) communicating to a fuel passage (21) in the nozzle body (20) and the other end of
down stream side thereof is communicated with one of the injection holes (24) when the insert tool is inserted into
a central hollow of the nozzle body with its rotation position relative to the nozzle body being retained at a determined
rotation position and with the conical surface thereof being brought into contact with the conical seat face (23) in
the nozzle body (20), said insert tool (30) is retained at said determined position, abrasive fluid flowing processing
is performed by introducing abrasive fluid (7) into the nozzle body (20) to be flowed through said one of the injection
holes (24) with pressure of the abrasive fluid maintained at a constant pressure, physical value of the abrasive fluid
flowing out through the injection hole is calculated by a detecting means (40) for measuring physical value of the
abrasive fluid flowing out from each of the outlet opening, processing of said one of the injection holes (24) is stopped
when mass flow rate or volume flow rate of abrasive fluid flowing out from the outlet opening the injection hole
reaches a predetermined value, then said insert tool (30) is rotated so that said passage groove (31) is brought into
communication with another one of the injection holes (24), and processing of said another injection hole is performed
in the same way, thus the processing is repeated until all of the injection holes are processed.

An injection hole machining method according to claim 4, characterized in that

during said step of inserting an insert tool (30), said insert tool is inserted into a central hollow of the nozzle body
so that the insert tool is retained in position,

during said step of performing abrasive fluid flowing processing, the abrasive fluid (7) is flowed through any one of
the injection holes (24) while measuring physical value of the abrasive fluid flowed through the injection holes (24),
during said step of stopping, the processing is stopped when the physical value of the abrasive fluid flowed through
said one of the injection holes reaches a predetermined value, and

the method further comprises a step of rotating the insert tool (30) to perform the processing of another one of the
injection holes (24);

wherein said insert tool has a conical surface which can be brought into contact with a conical seat face (23) in the
nozzle body (20), a passage groove (31) is formed on the conical surface such that the passage groove has a
straight part (31a) extending along a generation line of the conical surface and a curved part (31b) continuing to the
straight part so that an end of upstream side thereof is communicated with an annular channel (22) communicating
to a fuel passage (21) in the nozzle body (20) and the other end of downstream side thereof, i.e. downstream side
of said curved part (31b) of the passage groove is communicated with each of the injection holes (24) when the
insert tool (20) is inserted into a central hollow of the nozzle body (20) with its rotation position relative to the nozzle
body being retained at a determined rotation position and with the conical surface thereof being brought into contact
with the conical seat face (23) in the nozzle body, said insert tool (30) is retained at said determined position, abrasive
fluid flowing processing is performed by introducing abrasive fluid (7) into the nozzle body (20) to be flowed through
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said one of the injection holes with pressure of the abrasive fluid maintained at a constant pressure, physical value
of the abrasive fluid flowing out through the injection hole is calculated by a detecting means (40) for measuring
physical value of the abrasive fluid flowing out from each of the outlet opening, processing of said one of the injection
holes is stopped when mass flow rate or volume flow rate of abrasive fluid flowing out from the outlet opening the
injection hole reaches a predetermined value, then said insert tool (30) is rotated so that said passage groove (31)
is brought into communication with another one of the injection holes(24), and processing of said another injection
hole is performed in the same way, thus the processing is repeated until all of the injection holes are processed.

An injection hole machining apparatus of a nozzle body having an injection hole or holes (24) in order to round an
entrance corner of each hole, the nozzle body (20) being a member of a fuel injection nozzle according to claim 1
with a needle valve (100), wherein the apparatus includes an abrasive fluid supply section (1), a mounting platform
(10), an insert tool (30), a retaining part for retaining the insert tool, detecting sections (40) for detecting timing of
stopping abrasive fluid flowing processing of each of the injection holes, flow blocking sections (50), and a controller
(60); wherein said insert tool has an injection hole side end part shaped to be similar to that of the needle valve and
the other end of the insert tool (30) has a flange part so that the insert tool is retained in a position similar to that of
the needle valve (100) when lifted in actual operation of engines to allow fuel introduced to an annular channel (22)
in the nozzle body through a fuel passage (21) in the nozzle body (20) to be injected from the injection holes.

An injection hole machining apparatus of a nozzle body as claimed in claim 10, wherein said processing stopping
timing detecting sections (40) include physical value detectors (42) for detecting physical value of abrasive fluid
flowing through each of the injection holes, and computing units for calculating mass flow rate or volume flow rate
of abrasive fluid flowing out from each of the injection holes (24), whereby each of said processing stopping timing
detecting sections is provided at each of injection hole outlet opening sides.

An injection hole machining apparatus according to claim 10, characterized in that

said insert tool (30) has a conical surface similar to that of the needle valve (100), passage grooves (31) independent
of each other of the number the same as that of the injection holes (24) are formed on the conical surface such that
each passage groove extends along a generation line of the conical surface so that an end of upstream side thereof
is communicated with an annular channel (22) communicating to a fuel passage (21) in the nozzle body (20) and
the other end of down stream side thereof is communicated with each of the injection holes when the insert tool is
inserted into a central hollow of the nozzle body with its rotation position relative to the nozzle body being retained
at a determined rotation position and with the conical surface thereof being brought into contact with the conical
seat face (23) in the nozzle body (20), said processing stopping timing detecting sections (40) include physical value
detectors (42) for detecting physical value of abrasive fluid flowing through each of the injection holes and computing
units for calculating mass flow rate or volume flow rate of abrasive fluid flowing out from each of the injection holes,
whereby each of said processing stopping timing detecting sections is provided at each of injection hole outlet
opening sides.

An injection hole machining apparatus according to claim 10, characterized in that

said insert tool (30) has a conical surface which can be brought into contact with a conical seat face (23) in the
nozzle body (20), passage grooves (31) independent of each other of the number the same as that of the injection
holes (24) are formed on the conical surface such that each passage groove (31) has a straight part (31a) extending
along a generation line of the conical surface and a curved part (31b) continuing to the straight part so that an end
of upstream side thereof is communicated with an annular channel (22) communicating to a fuel passage (21) in
the nozzle body (20) and the other end of downstream side thereof, i.e. downstream side of said curved part of the
passage groove (31) is communicated with each of the injection holes when the insert tool is inserted into a central
hollow of the nozzle body with its rotation position relative to the nozzle body being retained at a determined rotation
position and with the conical surface thereof being brought into contact with the conical seat face (23) in the nozzle
body (20), said processing stopping timing detecting sections (40) include physical value detectors (42) for detecting
physical value of abrasive fluid flowing through each of the injection holes and computing units for calculating mass
flow rate or volume flow rate of abrasive fluid flowing out from each of the injection holes (24), whereby each of said
processing stopping timing detecting sections (40) is provided at each of injection hole outlet opening sides.

Aninjection hole machining apparatus according to claim 10, characterized in that said insert tool (30) has a conical
surface similar to that of the needle valve, a passage groove (31) is formed on the conical surface such that the
passage groove extends along a generation line of the conical surface so that an end of upstream side thereof is
communicated with an annular channel (22) communicating to a fuel passage (21) in the nozzle body (20) and the
other end of down stream side thereof is communicated with one of the injection holes (24) when the insert tool is
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inserted into a central hollow of the nozzle body with its rotation position relative to the nozzle body being retained
at a determined rotation position and with the conical surface thereof being brought into contact with the conical
seat face in the nozzle body, a rotating means (80) for rotating said insert tool (30) about its central axis or for rotating
said mounting platform (10) to which the nozzle body (20) is fixed about the central axis of a supply passage in said
abrasive fluid supply section for supplying abrasive fluid to the fuel passage in the nozzle body by a determined
rotation angle is provided, and said processing stopping timing detecting section (40) includes a physical value
detector (42) for detecting physical value of abrasive fluid flowing through any of the injection holes and a computing
unit for calculating mass flow rate or volume flow rate of abrasive fluid flowing out from relevant injection hole.

15. An injection hole machining apparatus according to claim 10, characterized in that said insert tool has a conical

surface similar to that of the needle valve (100), a passage groove (31) is formed on the conical surface such that
the passage groove has a straight part (31a) extending along a generation line of the conical surface and a curved
part (31b) continuing to the straight part so that an end of upstream side thereof is communicated with an annular
channel (22) communicating to a fuel passage (21) in the nozzle body (20) and the other end of downstream side
thereof, i.e. downstream side of said curved part of the passage groove (31) is communicated with each of the
injection holes (24) when the insert tool is inserted into a central hollow of the nozzle body with its rotation position
relative to the nozzle body being retained at a determined rotation position and with the conical surface thereof
being brought into contact with the conical seat face in the nozzle body, a rotating means (80) for rotating said insert
tool about its central axis or for rotating said mounting platform (10) to which the nozzle body is fixed about the
central axis of a supply passage in said abrasive fluid supply section for supplying abrasive fluid to the fuel passage
(21) inthe nozzle body (20) by a determined rotation angle is provided, and said processing stopping timing detecting
section (40) includes a physical value detector (42) for detecting physical value of abrasive fluid flowing through any
of the injection holes and a computing unit for calculating mass flow rate or volume flow rate of abrasive fluid flowing
out from relevant injection hole.

Patentanspriiche

1.

Treibstoffeinspritzdise, umfassend ein Disengehause mit Einspritzldchern an dessen Vorderendsteil, ein Nadelventil
(100), einen ringférmigen Kanal (22) im Disengehause (20), dadurch gekennzeichnet, dass das Diisengehduse
konkave Abschnitte (26) mit sehrkleiner Tiefe an seiner konischen Sitzflache (23) hat, wobei die konkaven Abschnitte
teilweise oder gesamt gebildet sind, um sich entlang Erzeugenden der konischen Sitzflache zu erstrecken.

Treibstoffeinspritzdiise nach Anspruch 1, dadurch gekennzeichnet, dass ein Disenkdrper davon Einspritzldcher
an seinem Vorderendteil hat, wobei jedes der Einspritzlocher (24) eine Eingangsecke hat, die auf einer Seite stark
gerundet und auf der anderen Seite schwach gerundet ist, um einen Unterschied in Treibstoffstromungsgeschwin-
digkeiten des Treibstoffs zu erzeugen, der in das Einspritzloch zwischen dem Eingangsloch, das mit einem grol3en
Radius gerundet ist, und dem, das mit einem kleinen Radius gerundet ist, strdmt, wodurch eine Wirbelstrémung im
Treibstoff erzeugt wird, wenn der Treibstoff in das Einspritzloch (24) stromt.

Treibstoffeinspritzdiise nach Anspruch 1, dadurch gekennzeichnet, dass ein Disenkdrper davon Einspritzldcher
an seinem Vorderendteil hat, wobei jedes der Einspritzlécher eine Eingangsecke in seinem stromaufwarts liegenden
Bereich des Treibstoffflusses hat, die mit einem gréReren Kurvenradius abgerundet ist als jenem in einem anderen
als dem stromaufwarts liegenden Bereich des Treibstoffflusses.

Einspritzlocherzeugungsverfahren fir ein Diisengehduse mit einem Einspritzloch oder -l6chern (24), um Eingangs-
l6cher jedes Lochs zu runden, wobei das Diisengehduse (20) ein Bauteil einer Treibstoffeinspritzdiise geman einem
der vorangehenden Anspriiche mit einem Nadelventil (100) ist, wobei das Verfahren umfasst

einen Schritt des Einsetzens eines Einsatzwerkzeugs (30), von dem ein Einspritzlochseitenendteil 8hnlich dem des
Nadelventils (100) geformt ist, und des Zurlickhaltens des Einsatzwerkzeugs in einer Position dhnlich der des
Nadelventils, wenn es im tatsachlichen Betrieb von Motoren angehoben ist, um Treibstoff zu erlauben, der durch
einen Treibstoffdurchgang im Disengehduse in einen ringférmigen Kanal (22) im Disengehause (20) eingeleitet
wird, aus den Einspritzldchern eingespritzt zu werden,

einen Schritt des Ausfiihrens einer Flussbearbeitung mit flissigem Schleifmittel, um die Eingangsecke von mindes-
tens einem der Eingangslécher durch Einleiten eines fliissigen Schleifmittels (7), das durch mindestens eines der
Einspritzldcher (24) gestromt werden soll, in das Disengehduse (20) abzurunden, wahrend ein physischer Wert
des flissigen Schleifmittels gemessen wird, das durch mindestens eines der Einspritzlécher (24) gestromt wird, und
einen Schritt des Stoppens der Bearbeitung, wenn der physische Wert des flissigen Schleifmittels, das durch
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mindestens eines der Einspritzlécher gestrdmt wird, einen vorbestimmten Wert erreicht.

Einspritzlocherzeugungsverfahren nach Anspruch 4, dadurch gekennzeichnet, dass

wahrend des Schritts des Einsetzens eines Einsatzwerkzeugs (30) das Einsatzwerkzeug in eine Mittelaussparung
des Diisengehauses (20) eingesetzt wird, so dass das Einsatzwerkzeug in Position gehalten wird,

wahrend des Schritts des Ausflihrens der Flussbearbeitung mit fliissigem Schleifmittel ein flissiges Schleifmittel
(7) durch die Einspritzldcher (24) gestromt wird, wahrend ein physischer Wert des fliissigen Schleifmittels gemessen
wird, das durch die Eingangslécher gestromt wird,

wahrend des Schritts des Stoppens die Bearbeitung gestoppt wird, wenn der physische Wert des fliissigen Schleif-
mittels, das durch die Eingangslécher gestrdmt wird, einen vorbestimmten Wert erreicht,

wobei die Flussbearbeitung mit fliissigem Schleifmittel ausgefiihrt wird, wahrend ein Druck des flissigen Schleif-
mittels bei einem konstanten Druck gehalten wird, ein physischer Wert des flissigen Schleifmittels, das durch die
Einspritzldcher (24) gestromt wird, fur jedes Einspritzloch unabhangig durch jedes von Erfassungsmitteln (40) ge-
messen wird, die an jeder der Einspritzlochauslassoffnungsseiten bereitgestellt sind, um den physischen Wert des
flissigen Schleifmittels zu messen, das aus jeder der Auslassoffnung strémt, jede der Auslasséffnungen blockiert
ist, wenn eines von einer Massestrémungsrate oder Volumenstrémungsrate von flissigem Schleifmittel, das aus
der Auslasso6ffnung stromt, einen vorbestimmten Wert erreicht, und das Bearbeiten beendet wird, wenn alle Ein-
spritzlécher (24) blockiert sind.

Einspritzlocherzeugungsverfahren nach Anspruch 4, dadurch gekennzeichnet, dass

wahrend des Schritts des Einsetzens eines Einsatzwerkzeugs (30) das Einsatzwerkzeug in eine Mittelaussparung
des Diisengehauses (20) eingesetzt wird, so dass das Einsatzwerkzeug in Position gehalten wird,

wahrend des Schritts des Ausflihrens der Flussbearbeitung mit fliissigem Schleifmittel ein flissiges Schleifmittel
(7) durch die Einspritzldcher (24) gestromt wird, wahrend ein physischer Wert des flissigen Schleifmittels gemessen
wird, das durch die Eingangslécher gestromt wird,

und wahrend des Schritts des Stoppens die Bearbeitung von einem der Einspritzldcher (24) gestoppt wird, wenn
der physische Wert des flissigen Schleifmittels, das durch das eine der Einspritzlécher gestrémt wird, einen vor-
bestimmten Wert erreicht,

wobei das Einsatzwerkzeug (30) eine konische Flache hat, die mit einer konischen Sitzflache (23) im Disengehause
in Kontakt gebracht werden kann, Durchgangskerben (31) unabhangig voneinander von der gleichen Zahl wie jene
der Einspritzlécher (24) auf der konischen Flache gebildet sind, so dass sich jede Durchgangskerbe (31) entlang
einer Erzeugenden der konischen Flache erstreckt, so dass ihr stromaufwartsseitiges Ende mit einem ringférmigen
Kanal (22) verbunden ist, der mit einem Treibstoffdurchgang (21) im Disengehduse (20) verbunden ist, und ihr
anderes, stromabwartsseitiges Ende mit jedem der Einspritzldcher verbunden ist, wenn das Einsatzwerkzeug in
eine Mittelaussparung des Diisengehduses eingesetzt ist, wobei seine Drehungsposition relativ zum Disengehduse
an einer ermittelten Drehungsposition gehalten wird und wobei seine konische Flache mit der konischen Sitzflache
(23) im Disengehause (20) in Kontakt gebracht wird, das Einsatzwerkzeug (30) an seiner ermittelten Position
gehalten wird, eine Flussbearbeitung mit flissigem Schleifmittel durch Einleiten von flissigem Schleifmittel in das
Dusengehduse, das durch die Einspritzlécher gestromt werden soll, ausgefiihrtwird, wahrend ein Druck des fllissigen
Schleifmittels bei einem konstanten Druck gehalten wird, der physische Wert des fllissigen Schleifmittels, das durch
die Einspritzlécher ausstromt, fir jedes Einspritzloch durch jedes von Erfassungsmitteln (40), die bei jeder von
Einspritzlochauslassoéffnungsseiten bereitgestellt sind, unabh&ngig gemessen wird, um den physischen Wert des
flissigen Schleifmittels zu messen, das aus jeder Auslassoffnung ausstromt, jede der Auslasséffnungen blockiert
wird, wenn die Massestromungsrate oder Volumenstrdomungsrate von flissigem Schleifmittel, die durch relevante
der Erfassungsmittel berechnet wird, einen vorbestimmten Wert erreicht, und die Bearbeitung beendet wird, wenn
alle Einspritzlécher (24) blockiert sind.

Einspritzlocherzeugungsverfahren nach Anspruch 4, dadurch gekennzeichnet, dass

wahrend des Schritts des Einsetzens eines Einsatzwerkzeugs (30) das Einsatzwerkzeug in eine Mittelaussparung
des Diisengehauses (20) eingesetzt wird, so dass das Einsatzwerkzeug in Position gehalten wird,

wahrend des Schritts des Ausflihrens der Flussbearbeitung mit flissigem Schleifmittel ein flissiges Schleifmittel
durch die Einspritzldcher (24) gestrémt wird, wahrend der physische Wert des fliissigen Schleifmittels (7), das durch
die Einspritzlécher gestrdmt wird, gemessen wird und wahrend des Schritts des Stoppens die Bearbeitung von
einem der Einspritzldcher gestoppt wird, wenn der physische Wert des flissigen Schleifmittels, das durch eines der
Einspritzldcher (24) gestrédmt wird, einen vorbestimmten Wert erreicht, wobei das Einsatzwerkzeug (30) eine koni-
sche Flache hat, die mit einer konischen Sitzflache (23) im Diisengehause in Kontakt gebracht werden kann, Durch-
gangskerben (31) unabhdngig voneinander in der selben Zahl wie jene der Einspritzlécher auf der konischen Flache
geformt sind, so dass jede Durchgangskerbe einen geraden Teil (31 a), der sich entlang einer Erzeugenden der
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konischen Flache erstreckt, und einen gekrimmten Teil (31 b), der sich zum geraden Teil fortsetzt, hat, so dass ihr
stromaufwartsseitiges Ende mit einem ringférmigen Kanal (22) verbunden ist, der mit einem Treibstoffdurchgang
(21)im DUsengehause (20) verbunden ist, und ihr anderes, stromabwartsseitiges Ende, das heil’t eine stromabwarts
liegende Seite des gekrimmten Teils (31 b) der Durchgangskerbe, mit jedem der Einspritzlécher (24) verbunden
ist, wenn das Einsatzwerkzeug (30) in eine Mittelaussparung des Diisengehauses eingesetzt wird, wobei seine
Drehungsposition relativ zum Disengehause (20) bei einer vorbestimmten Drehungsposition gehalten wird und
wobei seine konische Flache mit der konischen Sitzflache (23) im Disengehduse in Kontakt gebracht wird, das
Einsatzwerkzeug an seiner ermittelten Position gehalten wird, eine Flussbearbeitung mit flissigem Schleifmittel
durch Einleiten von flissigem Schleifmittel in das Diisengehause, das durch die Einspritzlécher (24) gestromt werden
soll, ausgefiihrt wird, wahrend ein Druck des flissigen Schleifmittels bei einem konstanten Druck gehalten wird, der
physische Wert des fllissigen Schleifmittels, das durch jedes der Einspritzldcher (24) gestromt wird, fir jedes Ein-
spritzloch durch jedes von Erfassungsmitteln, die bei jeder von Einspritzlochauslasséffnungsseiten bereitgestellt
sind, unabhangig gemessen wird, um den physischen Wert des flissigen Schleifmittels zu messen, das aus jeder
Auslassoéffnung ausstromt, jede der Auslasséffnungen blockiert wird, wenn die Massestrémungsrate oder Volumen-
strdomungsrate von flissigem Schleifmittel, die durch relevante der Erfassungsmittel (40) berechnet wird, einen
vorbestimmten Wert erreicht, und die Bearbeitung beendet wird, wenn alle Einspritzlécher (24) blockiert sind.

Einspritzlocherzeugungsverfahren nach Anspruch 4, dadurch gekennzeichnet, dass

wahrend des Schritts des Einsetzens eines Einsatzwerkzeugs (30) das Einsatzwerkzeug in eine Mittelaussparung
des Diisengehéauses (20) eingesetzt wird, so dass das Einsatzwerkzeug in Position gehalten wird,

wahrend des Schritts des Ausflihrens der Flussbearbeitung mit fliissigem Schleifmittel ein flissiges Schleifmittel
(7) durch jedes der Einspritzldécher (24) gestrémt wird, wahrend der physische Wert des fliissigen Schleifmittels,
das durch die Einspritzldcher (24) gestromt wird, gemessen wird,

wahrend des Schritts des Stoppens die Bearbeitung gestoppt wird, wenn der physische Wert des fliissigen Schleif-
mittels, das durch eines der Einspritzlocher (24) gestrdmt wird, einen vorbestimmten Wert erreicht, und

das Verfahren des Weiteren einen Schritt des Drehens des Einsatzwerkzeugs (30) umfasst, um die Bearbeitung
von eines anderen der Einspritzlécher (24) auszufiihren, wobei das Einsatzwerkzeug eine konische Flache hat, die
mit einer konischen Sitzflache (23) im Disengehéause (20) in Kontakt gebracht werden kann, eine Durchgangskerbe
(31) auf der konischen Flache gebildet ist, so dass sich die Durchgangskerbe entlang einer Erzeugenden der
konischen Flache erstreckt, so dass ihr stromaufwartsseitiges Ende mit einem ringférmigen Kanal (22) verbunden
ist, der mit einem Treibstoffdurchgang (21) im Disengehéause (20) verbunden ist, und ihr anderes, stromabwarts-
seitiges Ende mit einem der Einspritzldcher (24) verbunden ist, wenn das Einsatzwerkzeug in eine Mittelaussparung
des Disengehauses eingesetzt wird, wobei seine Drehungsposition relativ zum Diisengehduse an einer ermittelten
Drehungsposition gehalten wird und wobei seine konische Flache mit der konischen Sitzflache (23) im Disenge-
hause (20) in Kontakt gebracht wird, das Einsatzwerkzeug (30) an seiner ermittelten Position gehalten wird, eine
Flussbearbeitung mit flissigem Schleifmittel durch Einleiten von flissigem Schleifmittel (7) in das Disengehause
(20), das durch die Einspritzlécher (24) gestromt werden soll, ausgefthrt wird, wahrend der Druck des flissigen
Schleifmittels bei einem konstanten Druck gehalten wird, der physische Wert des fllissigen Schleifmittels, das durch
das Einspritzloch ausstrémt, durch ein Erfassungsmittel (40) berechnet wird, zum Messen des physischen Werts
des flissigen Schleifmittels, das aus jeder der Auslasséffnungen ausstrémt, die Bearbeitung des einen der Ein-
spritzlécher (24) gestoppt wird, wenn die Massestrémungsrate oder Volumenstrémungsrate von flissigem Schleif-
mittel, das aus der Auslassoéffnung des Einspritzloches ausstrémt, einen vorbestimmten Wert erreicht, dann das
Einsatzwerkzeug (30) gedreht wird, so dass die Durchgangskerbe (31) mit einem anderen der Einspritzlécher (24)
in Verbindung gebracht wird, und die Bearbeitung des anderen Einspritzlochs auf dieselbe Weise ausgefiihrt wird,
wodurch die Bearbeitung wiederholt wird, bis alle der Einspritzlécher bearbeitet sind.

Einspritzlocherzeugungsverfahren nach Anspruch 4, dadurch gekennzeichnet, dass

wahrend des Schritts des Einsetzens eines Einsatzwerkzeugs (30) das Einsatzwerkzeug in eine Mittelaussparung
des Diisengehduses eingesetzt wird, so dass das Einsatzwerkzeug in Position gehalten wird,

wahrend des Schritts des Ausfliihrens der Flussbearbeitung mit flissigem Schleifmittel das fliissige Schleifmittel (7)
durch eines der Einspritzlécher (24) gestrdmt wird, wahrend der physische Wert des flissigen Schleifmittels, das
durch die Einspritzlécher (24) gestrémt wird, gemessen wird,

wahrend des Schritts des Stoppens die Bearbeitung gestoppt wird, wenn der physische Wert des fliissigen Schleif-
mittels, das durch eines der Einspritzldcher gestromt wird, einen vorbestimmten Wert erreicht, und

das Verfahren des Weiteren einen Schritt des Drehens des Einsatzwerkzeugs (30) umfasst, um die Bearbeitung
von einem anderen der Einspritzldcher (24) auszufihren,

wobei das Einsatzwerkzeug eine konische Flache hat, die mit einer konischen Sitzflache (23) im Disengehause
(20) in Kontakt gebracht werden kann, eine Durchgangskerbe (31) auf der konischen Flache gebildet ist, so dass
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die Durchgangskerbe einen geraden Teil (31 a), der sich entlang einer Erzeugenden der konischen Flache erstreckt,
und einen gekrimmten Teil (31 b), der sich zum geraden Teil fortsetzt, hat, so dass ihr stromaufwartsseitiges Ende
mit einem ringférmigen Kanal (22) verbunden ist, der mit einem Treibstoffdurchgang (21) im Disengehduse (20)
verbunden ist, und ihr anderes stromabwartsseitiges Ende, das heillt eine stromabwarts liegende Seite des ge-
krimmten Teils (31 b) der Durchgangskerbe mit jedem der Einspritzlécher (24) verbunden ist, wenn das Einsatz-
werkzeug (30) in eine Mittelaussparung des Diisengehduses (20) eingesetzt wird, wobei seine Drehungsposition
relativ zum Disengehduse an einer ermittelten Drehungsposition gehalten wird und wobei seine konische Flache
mit der konischen Sitzfliche (23) im Disengehduse (20) in Kontakt gebracht wird, das Einsatzwerkzeug (30) an
seiner ermittelten Position gehalten wird, eine Flussbearbeitung mit flissigem Schleifmittel durch Einleiten von
flissigem Schleifmittel (7), das durch die Einspritzlécher gestrémt werden soll, in das Disengehduse (20) ausgefiihrt
wird, wahrend der Druck des flissigen Schleifmittels bei einem konstanten Druck gehalten wird, der physische Wert
des flissigen Schleifmittels, das durch das Einspritzloch ausstromt, durch ein Erfassungsmittel (40) berechnet wird,
zum Messen des physischen Werts des flissigen Schleifmittels, das aus jeder der Auslass6ffnungen ausstromt,
die Bearbeitung des einen der Einspritzldcher gestoppt wird, wenn die Massestromungsrate oder Volumenstro-
mungsrate von flissigem Schleifmittel, das aus der Auslasséffnung des Einspritzloches ausstrémt, einen vorbe-
stimmten Wert erreicht, dann das Einsatzwerkzeug (30) gedreht wird, so dass die Durchgangskerbe (31) mit einem
anderen der Einspritzlécher (24) in Verbindung gebracht wird, und die Bearbeitung des anderen Einspritzlochs auf
dieselbe Weise ausgefliihrt wird, wodurch die Bearbeitung wiederholt wird, bis alle der Einspritzlécher bearbeitet sind.

Einspritzlochzerspanungsvorrichtung eines Disengehauses mit einem Einspritzloch oder -l6chern (24) um eine
Eingangsecke von jedem Loch abzurunden, wobei das Disengehause (20) ein Bauteil einer Treibstoffeinspritzdiise
nach Anspruch 1 mit einem Nadelventil (100) ist, wobei die Vorrichtung einen Versorgungsabschnitt fiir flissiges
Schleifmittel (1), eine Montageplattform (10), ein Einsatzwerkzeug (30), einen Rickhalteteil zum Zuriickhalten des
Einsatzwerkzeugs, Erfassungsabschnitte (40) zum Erfassen eines Zeitpunkts zum Stoppen der Flussbearbeitung
mit flissigem Schleifmittel jedes der Einspritzlécher, Flussblockierungsabschnitte (50) und ein Steuergerat (60)
enthalt, wobei das Einsatzwerkzeug einen Einspritzlochseitenendteil hat, der so geformtist, dass er dem Nadelventil
ahnlich ist, und das andere Ende des Einsatzwerkzeugs (30) einen Flanschteil hat, so dass das Einsatzwerkzeug
in einer Position &hnlich jener des Nadelventils (100) gehalten wird, wenn es im tatsachlichen Betrieb von Motoren
angehoben wird, um Treibstoff zu erlauben, der durch einen Treibstoffdurchgang (21) im Disengehause (20) in
einen ringférmigen Kanal (22) im Disengehause eingeleitet wird, aus den Einspritzldchern eingespritzt zu werden.

Einspritzlochzerspanungsvorrichtung eines Diisengehauses nach Anspruch 10, wobei die Bearbeitungsstoppzeit-
punkt-Erfassungsabschnitte (40) physische Wertdetektoren (42) zum Erfassen des physischen Werts von flissigem
Schleifmittel, das durch jedes der Einspritzlécher strémt, und Recheneinheiten zum Berechnen der Massestro-
mungsrate oder Volumenstromungsrate von flissigem Schleifmittel, das aus jedem der Einspritzidcher (24) aus-
stromt, enthalten, wobei jeder der Bearbeitungsstoppzeitpunkt-Erfassungsabschnitte beijeder der Einspritzlochaus-
lassoffnungsseiten bereitgestellt ist.

Einspritzlochzerspanungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass

das Einsatzwerkzeug (30) eine konische Flache hat, dhnlich jener des Nadelventils (100), Durchgangskerben (31)
unabhangig voneinander von der gleichen Zahl wie die der Einspritzlécher (24) auf der konischen Flache gebildet
sind, so dass sich jede Durchgangskerbe entlang einer Erzeugenden der konischen Flache erstreckt, so dass ihr
stromaufwartsseitiges Ende mit einem ringférmigen Kanal (22) verbunden ist, der mit einem Treibstoffdurchgang
(21)im DUsengehéause (20) verbunden ist, und ihr anderes, stromabwartsseitiges Ende mitjedem der Einspritzlécher
verbunden ist, wenn das Einsatzwerkzeug in eine Mittelaussparung des Diisengehduses eingesetzt wird, wobei
seine Drehungsposition relativ zum Dlsengehduse an einer ermittelten Drehungsposition gehalten wird und wobei
seine konische Flache mit der konischen Sitzflache (23) im Disengehduse (20) in Kontakt gebracht wird, die Be-
arbeitungsstoppzeitpunkt-Erfassungsabschnitte (40) physische Wertdetektoren (42) zum Erfassen des physischen
Werts von flissigem Schleifmittel, das durch jedes der Einspritzldcher strémt, und Recheneinheiten vom Berechnen
derMassestromungsrate oder Volumenstromungsrate von flissigem Schleifmittel, das aus jedem der Einspritzildcher
ausstréomt, enthalten, wobei jeder der Bearbeitungsstoppzeitpunkt-Erfassungsabschnitte an jeder von Einspritz-
lochauslassoéffnungsseiten bereitgestellt ist.

Einspritzlochzerspanungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass

das Einsatzwerkzeug (30) eine konische Flache hat, die mit einer konischen Sitzflache (23) im Disengehéause (20)
in Kontakt gebracht werden kann, Durchgangskerben (31) unabhéngig voneinander von der gleichen Zahl wie jene
der Einspritzlécher (24) auf der konischen Flache gebildet sind, so dass jede Durchgangskerbe (31) einen geraden
Teil (31a), der sich entlang einer Erzeugenden der konischen Flache erstreckt, und einen gekrimmten Teil (31 b),
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der sich zum geraden Teil fortsetzt, hat, so dass ihr stromaufwartsseitiges Ende mit einem ringférmigen Kanal (22)
verbunden ist, der mit einem Treibstoffdurchgang (21) im Diisengehause (20) verbunden ist, und ihr anderes,
stromabwartsseitiges Ende, das heil’t stromabwartsseitig des gekrimmten Teils der Durchgangskerbe (31), mit
jedem der Einspritzlécher verbunden ist, wenn das Einsatzwerkzeug in eine Mittelaussparung des Diisengehduses
eingesetzt wird, wobei seine Drehungsposition relativ zum Diisengehause an einer ermittelten Drehungsposition
gehalten wird und wobei seine konische Flache mit der konischen Sitzfliche (23) im Diisengehause (20) in Kontakt
gebracht wird, die Bearbeitungsstoppzeitpunkt-Erfassungsabschnitte (40) physische Wertdetektoren (42) zum Er-
fassen des physischen Werts des fliissigen Schleifmittels, das durch jedes der Einspritzlécher strémt, und Rechen-
einheiten zum Berechnen der Massestrémungsrate oder Volumenstrdomungsrate von flissigem Schleifmittel, das
aus jedem der Einspritzlécher (24) ausstromt, enthalten, wobei jeder der Bearbeitungsstoppzeitpunkt-Erfassungs-
abschnitte (40) an jeder von Einspritzlochauslasséffnungsseiten bereitgestellt ist.

Einspritzlochzerspanungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass das Einsatzwerkzeug
(30) eine konische Flache ahnlich jener des Nadelventils hat, eine Durchgangskerbe (31) auf der konischen Flache
gebildet ist, so dass sich die Durchgangskerbe entlang einer Erzeugenden der konischen Flache erstreckt, so dass
ihr stromaufwartsseitiges Ende mit einem ringférmigen Kanal (22) verbunden ist, der mit einem Treibstoffdurchgang
(21) im Dusengehéduse (20) verbunden ist, und ihr anderes, stromabwartsseitige Ende mit einem der Einspritzlécher
(24) verbunden ist, wenn das Einsatzwerkzeug in eine Mittelaussparung des Diisengehduses eingesetzt wird, wobei
seine Drehungsposition relativ zum Disengehduse an einer ermittelten Drehungsposition gehalten wird und wobei
seine konische Flache mit der konischen Sitzflache im Diisengehause in Kontakt gebracht wird, ein Drehungsmittel
(80) zum Drehen des Einsatzwerkzeugs (30) um seine Mittelachse oder zum Drehen der Montageplattform (10),
anderdas Dusengehause (20) fixiertist, um die Mittelachse eines Versorgungsdurchgangs im Versorgungsabschnitt
flissigen Schleifmittels zum Zuleiten von flissigem Schleifmittel zum Treibstoffdurchgang in das Disengehause
durch einen ermittelten Drehungswinkel bereitgestellt ist, und der Bearbeitungsstoppzeitpunkt-Erfassungsabschnitt
(40) einen physischen Wertdetektor (42) zum Erfassen des physischen Werts von flissigem Schleifmittel, das durch
eines der Einspritzlécher stromt, und eine Recheneinheit zum Berechnen der Massestrémungsrate oder Volumen-
strdmungsrate von flissigem Schleifmittel, das aus dem relevanten Einspritzloch ausstromt, umfasst.

Einspritzlochzerspanungsvorrichtung nach Anspruch 10, dadurch gekennzeichnet, dass das Einsatzwerkzeug
eine konische Flache ahnlich jener des Nadelventils (100) hat, eine Durchgangskerbe (31) auf der konischen Flache
gebildet ist, so dass die Durchgangskerbe einen geraden Teil (31 a), der sich entlang einer Erzeugenden der
konischen Flache erstreckt, und einen gekrimmten Teil (31 b), der sich zum geraden Teil fortsetzt, hat, so dass ihr
stromaufwartsseitiges Ende mit einem ringférmigen Kanal (22) verbunden ist, der mit einem Treibstoffdurchgang
(21)im Dusengeh&duse (20) verbunden ist, undiihr anderes, stromabwartsseitiges Ende, das heilt stromabwartsseitig
des gekrimmten Teils der Durchgangskerbe (31), mit jedem der Einspritzldcher (24) verbunden ist, wenn das
Einsatzwerkzeug in eine Mittelaussparung des Diisengehduses eingesetzt wird, wobei seine Drehungsposition
relativ zum Disengehduse an einer ermittelten Drehungsposition gehalten wird und wobei seine konische Flache
mit der konischen Sitzfliche im Diisengehause in Kontakt gebracht wird, ein Drehungsmittel (80) zum Drehen des
Einsatzwerkzeugs um seine Mittelachse oder zum Drehen der Montageplattform (10), an der das Diisengehause
fixiert ist, um die Mittelachse eines Versorgungsdurchgangs im Versorgungsabschnitt fur flissiges Schleifmittel zum
Zuleiten von flissigem Schleifmittel zum Treibstoffdurchgang (21) im Disengeh&use (20) um einen ermittelten
Drehungswinkel bereitgestellt ist und der Bearbeitungsstoppzeitpunkt-Erfassungsabschnitt (40) einen physischen
Wertdetektor (42) zum Erfassen des physischen Werts von fliissigem Schleifmittel, das durch eines der Einspritz-
lI6cher stromt, und eine Recheneinheit zum Berechnen der Massestrémungsrate oder Volumenstrémungsrate von
flissigem Schleifmittel, das aus dem relevanten Einspritzloch ausstrémt, enthalt.

Revendications

Injecteur de carburant comprenant un corps d’injecteur ayant des trous d’injection sur sa partie d’extrémité de
premier plan, une soupape a pointeau (100), un canal annulaire (22) dans le corps d’injecteur (20), caractérisé en
ce que ledit corps d’injecteur a des parties concaves (26) de trés petite profondeur sur sa face d’assise conique
(23), les parties concaves étant formées partiellement ou totalement de sorte a s’étendre le long de lignes de
génération de la face d’assise conique.

Injecteur de carburant selon la revendication 1, caractérisé en ce qu’un corps d’injecteur de celui-ci a des trous

d’injection sur sa partie d’extrémité de premier plan, dans lequel chacun desdits trous d’injection (24) a un coin
d’entrée formant un grand arrondi sur un c6té et un petit arrondi sur l'autre cété pour créer une différence des
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vitesses d’écoulement de carburant du carburant s’écoulant dans le trou d’injection entre le coin d’entrée présentant
un arrondi avec un grand rayon et celui présentant un arrondi avec un petit rayon, générant ainsi un écoulement
tourbillonnant du carburant lorsque le carburant s’écoule dans le trou d’injection (24).

Injecteur de carburant selon la revendication 1, caractérisé en ce qu’un corps d’injecteur de celui-ci a des trous
d’injection sur sa partie d’extrémité de premier plan, dans lequel chacun des trous d’injection a un coin d’entrée
présentant un arrondi avec un rayon de courbure plus grand dans sa région amont d’écoulement de carburant que
celui dans l'autre région que la région amont d’écoulement de carburant.

Procédé d’usinage de trou d’injection d’un corps d’injecteur ayant un trou ou des trous d’injection (24) afin d’arrondir
les coins d’entrée de chaque trou, le corps d’injecteur (20) étant un membre d’un injecteur de carburant selon I'une
des revendications précédentes avec une soupape a pointeau (100), dans lequel le procédé comprend une étape
d’insertion d’un outil d’insertion (30) dont une partie d’extrémité co6té trou d’injection est fagonnée comme celle de
la soupape a pointeau (100) et de maintien dudit outil d’'insertion dans une position similaire a celle de la soupape
apointeau lorsqu’elle est soulevée pendant le fonctionnement réel des moteurs pour permettre au carburant introduit
dans un canal annulaire (22) dans le corps d’injecteur (20) atravers un passage de carburantdans le corps d’injecteur
d’étre injecté a partir des trous d’injection,

une étape d’exécution de traitement par écoulement de fluide abrasif pour arrondir le coin d’entrée d’au moins l'un
des trous d’injection en introduisant du fluide abrasif (7) dans le corps d’injecteur (20) de sorte qu’il s’écoule a travers
au moins I'un des trous d’injection (24) tout en mesurant la valeur physique du fluide abrasif s’écoulant a travers
au moins l'un des trous d’injection (24), et

une étape d’arrét du traitement lorsque la valeur physique du fluide abrasif s’écoulant a travers au moins I'un des
trous d’injection atteint une valeur prédéterminée.

Procédé d’usinage de trou d’injection selon la revendication 4, caractérisé en ce que

pendant ladite étape d’insertion d’un outil d’insertion (30), ledit outil d’'insertion est inséré dans un creux central du
corps d’injecteur (20) de sorte que l'outil d’insertion est maintenu en place,

pendant ladite étape d’exécution du traitement par écoulement de fluide abrasif, du fluide abrasif (7) est amené a
s’écouler a travers les trous d’injection (24) tout en mesurant la valeur physique du fluide abrasif s’écoulant a travers
les trous d’injection,

pendant ladite étape d’arrét, le traitement est arrété lorsque la valeur physique du fluide abrasif s’écoulant a travers
les trous d’injection atteint une valeur prédéterminée ;

dans lequel le traitement par écoulement de fluide abrasif est exécuté avec la pression du fluide abrasif maintenue
a une pression constante, la valeur physique du fluide abrasif s’écoulant a travers les trous d’injection (24) est
mesurée pour chaque trou d’injection indépendamment par chacun des moyens de détection (40) prévus au niveau
de chacun des c6tés d’ouverture de sortie de trou d’injection pour mesurer ladite valeur physique du fluide abrasif
sortant de chacune des ouvertures de sortie, chacune desdites ouvertures de sortie est obstruée lorsque l'un
quelconque du débit massique ou du débit volumique de fluide abrasif sortant de I'ouverture de sortie atteint une
valeur prédéterminée, et le traitement est terminé lorsque tous les trous d’injection (24) sont obstrués.

Procédé d’usinage de trou d’injection selon la revendication 4, caractérisé en ce que

pendant ladite étape d’insertion d’un outil d’insertion (30), ledit outil d’'insertion est inséré dans un creux central du
corps d’injecteur (20) de sorte que l'outil d’insertion est maintenu en place,

pendant ladite étape d’exécution du traitement par écoulement de fluide abrasif, du fluide abrasif (7) est amené a
s’écouler a travers les trous d’injection (24) tout en mesurant la valeur physique du fluide abrasif s’écoulant a travers
les trous d’injection,

et pendant ladite étape d’arrét, le traitement de I'un quelconque des trous d’injection (24) est arrété lorsque la valeur
physique du fluide abrasif s’écoulant a travers ledit trou en question des trous d’injection atteint une valeur
prédéterminée ;

dans lequel ledit outil d’insertion (30) a une surface conique qui peut étre amenée en contact avec une face d'assise
conique (23) dans le corps d’injecteur, des gorges de passage (31) indépendantes les unes des autres d’'un nombre
égal a celui des trous d’injection (24) sont formées sur la surface conique de telle sorte que chaque gorge de passage
(31) s’étend le long d’une ligne de génération de la surface conique afin qu’'une extrémité de son c6té amont soit
en communication avec un canal annulaire (22) communiquant avec un passage de carburant (21) dans le corps
d’injecteur (20) et que l'autre extrémité de son cété aval soit en communication avec chacun des trous d’injection
lorsque I'outil d’insertion estinséré dans un creux central du corps d’injecteur avec sa position de rotation par rapport
au corps de buse maintenue a une position de rotation déterminée et sa surface conique amenée en contact avec
la face d’assise conique (23) dans le corps de buse (20), ledit outil d’'insertion (30) est maintenu a ladite position
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déterminée, le traitement par écoulement de fluide abrasif est exécuté en introduisant du fluide abrasif dans le corps
d’injecteur de sorte qu’il s’écoule a travers les trous d’injection avec la pression du fluide abrasif maintenue a une
pression constante, la valeur physique du fluide abrasif s’écoulant a travers les trous d’injection est mesurée pour
chaque trou d’injection indépendamment par chacun des moyens de détection (40) prévus au niveau de chacun
des co6tés d’ouverture de sortie de trou d’injection pour mesurer ladite valeur physique du fluide abrasif sortant de
chacune des ouvertures de sortie, n'importe laquelle desdites ouvertures de sortie est obstruée lorsque le débit
massique ou le débit volumique du fluide abrasif calculé par un moyen de détection approprié des moyens de
détection atteint une valeur prédéterminée, et le traitement est terminé lorsque tous les trous d’injection (24) sont
obstrués.

Procédé d’usinage de trou d’injection selon la revendication 4, caractérisé en ce que

pendant ladite étape d’insertion d’un outil d’insertion (30), ledit outil d’'insertion est inséré dans un creux central du
corps de buse (20) afin que I'outil d’insertion soit maintenu en place,

pendant ladite étape d’exécution du traitement par écoulement de fluide abrasif, du fluide abrasif est amené a
s’écouler a travers les trous d’injection (24) tout en mesurant la valeur physique du fluide abrasif (7) s’écoulant a
travers les trous d’injection, et pendant ladite étape d’arrét, le traitement de I'un quelconque des trous d’injection
est arrété lorsque la valeur physique du fluide abrasif s’écoulant a travers ledit trou en question des trous d’injection
(24) atteint une valeur prédéterminée ; dans lequel ledit outil d’insertion (30) a une surface conique qui peut étre
amenée en contact avec une face d’'assise conique (23) dans le corps de buse, des gorges de passage (31)
indépendantes les unes des autres d’'un nombre égal a celui des trous d’injection sont formées sur la surface conique
de telle sorte que chaque gorge de passage a une partie rectiligne (31a) s’étendant le long d’'une ligne de génération
de la surface conique et une partie incurvée (31b) se prolongeant jusqu’a la partie rectiligne afin qu’'une extrémité
de son cété en amont soit en communication avec un canal annulaire (22) en communication avec un passage de
carburant (21) dans le corps d’injecteur (20) et que I'autre extrémité de son c6té aval, a savoir, le c6té aval de ladite
partie incurvée (31b) de la gorge de passage soit en communication avec chacun des trous d’injection (24) lorsque
I'outil d’insertion (30) est inséré dans un creux central du corps d’injecteur avec sa position de rotation par rapport
au corps d’injecteur (20) maintenue a une position de rotation déterminée et avec sa surface conique amenée en
contact avec la face d’assise conique (23) dans le corps d’injecteur, ledit outil d’'insertion est maintenu a ladite
position déterminée, le traitement par écoulement de fluide abrasif est exécuté en introduisant du fluide abrasif dans
le corps d’injecteur de sorte qu’il s’écoule a travers les trous d’injection (24) avec la pression du fluide abrasif
maintenue a une pression constante, la valeur physique du fluide abrasif s’écoulant a travers chacun des trous
d’injection (24) est mesurée pour chaque trou d’injection indépendamment par chacun des moyens de détection
prévus au niveau de chacun des c6tés d’ouverture de sortie de trou d’injection pour mesurer ladite valeur physique
du fluide abrasif sortant de chacune des ouvertures de sortie, 'une quelconque desdites ouvertures de sortie est
obstruée lorsqu’un débit massique ou un volume massique de fluide abrasif calculé par un moyen de détection
approprié des moyens de détection (40) atteint une valeur prédéterminée, et le traitement est terminé lorsque tous
les trous d’injection (24) sont obstrués.

Procédé d’usinage de trou d’injection selon la revendication 4, caractérisé en ce que

pendant ladite étape d’insertion d’un outil d’insertion (30), ledit outil d’'insertion est inséré dans un creux central du
corps d’injecteur (20) afin que l'outil d’insertion soit maintenu en place,

pendant ladite étape d’exécution du traitement par écoulement de fluide abrasif, du fluide abrasif (7) est amené a
s’écouler a travers I'un quelconque des trous d’injection (24) tout en mesurant la valeur physique du fluide abrasif
s’écoulant a travers les trous d’injection (24),

pendant ladite étape d’arrét, le traitement est arrété lorsque la valeur physique du fluide abrasif s’écoulant a travers
ledit quelconque trou des trous d’injection (24) atteint une valeur prédéterminée, et

le procédé comprend en outre une étape de rotation de I'outil d’insertion (30) pour exécuter le traitement d’'un autre
des trous d’injection (24) ; dans lequel ledit outil d’insertion a une surface conique qui peut étre amenée en contact
avec une face d’assise conique (23) dans le corps d’injecteur (20), une gorge de passage (31) est formée sur la
surface conique de telle sorte que la gorge de passage s’étend le long d’une ligne de génération de la surface
conique afin qu’une extrémité de son cété en amont est en communication avec un canal annulaire (22) en com-
munication avec un passage de carburant (21) dans le corps d’injecteur (20) et que l'autre extrémité de son cbté
en aval soit en communication avec I'un des trous d’injection (24) lorsque I'outil d’insertion est inséré dans un creux
central du corps d’injecteur avec sa position de rotation par rapport au corps d’injecteur maintenue a une position
de rotation déterminée et avec sa surface conique amenée en contact avec la face d’assise conique (23) dans le
corps d’injecteur (20), ledit outil d’insertion (30) est maintenu a ladite position déterminée, le traitement par écou-
lement de fluide abrasif est exécuté en introduisant du fluide abrasif (7) dans le corps d’injecteur (20) pour qu’il
s’écoule a travers ledit trou en question des trous d’injection (24) avec la pression du fluide abrasif maintenue a
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une pression constante, la valeur physique du fluide abrasif s’écoulant a travers le trou d’injection est calculée par
un moyen de détection (40) pour mesurer la valeur physique du fluide abrasif sortant de chacune des ouvertures
de sortie, le traitement dudit trou en question des trous d’injections (24) est arrété lorsqu’un débit massique ou un
volume massique de fluide abrasif sortant de 'ouverture de sortie du trou d’'injection atteint une valeur prédéterminée,
alorsledit outil d’insertion (30) est mis en rotation afin que ladite gorge de passage (31) soitamenée en communication
avec un autre des trous d’injection (24), et le traitement dudit autre trou d’injection est exécuté de la méme maniere,
ainsi le traitement est répété jusqu’a ce que tous les trous d’injection soient traités.

Procédé d’usinage de trou d’injection selon la revendication 4, caractérisé en ce que

pendant ladite étape d’insertion d’un outil d’insertion (30), ledit outil d’'insertion est inséré dans un creux central du
corps d’injecteur afin que I'outil d’insertion soit maintenu en place,

pendant ladite étape d’exécution du traitement par écoulement de fluide abrasif, le fluide abrasif (7) est amené a
s’écouler a travers I'un quelconque des trous d’injection (24) tout en mesurant la valeur physique du fluide abrasif
s’écoulant a travers les trous d’injection (24),

pendant ladite étape d’arrét, le traitement est arrété lorsque la valeur physique du fluide abrasif s’écoulant a travers
ledit trou en question des trous d’injection atteint une valeur prédéterminée, et

le procédé comprend en outre une étape de mise en rotation de l'outil d’insertion (30) pour effectuer le traitement
d’un autre des trous d’injection (24) ;

dans lequel ledit outil d’'insertion a une surface conique qui peut étre amenée en contact avec une face d’assise
conique (23) dans le corps d'injecteur (20), une gorge de passage (31) est formée sur la surface conique de telle
sorte que la gorge de passage a une partie rectiligne (31a) s’étendant le long d’une ligne de génération de la surface
conique et une partie incurvée (31b) se prolongeant vers la partie rectiligne afin qu'une extrémité de son c6té amont
soit en communication avec un canal annulaire (22) en communication avec un passage de carburant (21) dans le
corps d’injecteur (20) et que l'autre extrémité de son cété aval, a savoir, le c6té en aval de ladite partie incurvée
(31b) de la gorge de passage, soit en communication avec chacun des trous d’injection (24) lorsque 'outil d’insertion
(20) est inséré dans un creux central du corps d’injecteur (20) avec sa position de rotation par rapport au corps
d’injecteur maintenue a une position de rotation déterminée et avec sa surface conique amenée en contact avec
la face d’assise conique (23) dans le corps d’injecteur, ledit outil d’'insertion (30) est maintenu a ladite position
déterminée, le traitement par écoulement de fluide abrasif est effectué en introduisant du fluide abrasif (7) dans le
corps d’injecteur (20) pour qu’il s’écoule a travers ledit trou d’injection en question des trous d’injection avec la
pression du fluide abrasif maintenue a une pression constante, la valeur physique du fluide abrasif s’écoulant a
travers les trous d’injection est calculée par un moyen de détection (40) pour mesurer la valeur physique du fluide
abrasif sortant de chacune des ouvertures de sortie, le traitement dudit trou en question des trous d’injection est
arrété lorsque le débit massique ou le débit volumique de fluide abrasif sortant de I'ouverture de sortie du trou
d’injection atteint une valeur prédéterminée, alors ledit outil d’insertion (30) est tourné afin que ladite gorge de
passage (31) soit amenée en communication avec un autre des trous d’injection (24), et le traitement dudit autre
trou d’injection est exécuté de la méme maniére, le traitement étant répété jusqu’a ce que tous les trous d’injection
soient traités.

Appareil d’'usinage de trou d’injection d’un corps d’injecteur ayant un trou ou des trous d’injection (24) afin d’arrondir
un coin d’entrée de chaque trou, le corps d’injecteur (20) étant un élément d’un injecteur de carburant selon la
revendication 1 avec une soupape a pointeau (100), dans lequel 'appareil comprend une section d’alimentation en
fluide abrasif (1), une plate-forme de montage (10), un outil d’insertion (30), une partie de maintien pour maintenir
I'outil d’insertion, des sections de détection (40) pour détecter I'instant d’arrét du traitement par écoulement de fluide
abrasif de chacun des trous d’injection, des sections de blocage d’écoulement (50) et un contréleur (60) ; dans
lequel ledit outil d’insertion a une partie d’extrémité cété trou d’injection fagonnée pour étre similaire a celle de la
soupape a pointeau et I'autre extrémité de I'outil d’'insertion (30) a une partie de rebord afin que I'outil d’insertion
soit maintenu dans une position similaire a celle de la soupape a pointeau (100) lorsqu’elle est soulevée lors du
fonctionnement réel des moteurs pour permettre au carburant introduit dans un canal annulaire (22) dans le corps
d’injecteur a travers un passage de carburant (21) dans le corps d’injecteur (20) d’étre injecté a partir des trous
d’injection.

Appareil d’'usinage de trou d’injection d’'un corps d’injecteur selon la revendication 10, dans lequel lesdites sections
de détection d’instants d’arrét de traitement (40) comportent des détecteurs de valeur physique (42) pour détecter
la valeur physique du fluide abrasif s’écoulant a travers chacun des trous d’injection, et des unités de calcul pour
calculer le débit massique ou le débit volumique du fluide abrasif sortant de chacun des trous d’injection (24),
moyennant quoi chacune desdites sections de détection d’instants d’arrét de traitement est prévue sur chacun des
cbtés d’ouverture de sortie de trou d’injection.
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Appareil d'usinage de trou d’injection selon la revendication 10, caractérisé en ce que

ledit outil d’'insertion (30) a une surface conique similaire a celle de la soupape a pointeau (100), des gorges de
passage (31) indépendantes les unes des autres d’'un nombre égal a celui des trous d’injections (24) sont formées
sur la surface conique de telle sorte que chaque gorge de passage s’étend le long d’une ligne de génération de la
surface conique afin qu'une extrémité de son cété amont soit en communication avec un canal annulaire (22) en
communication avec un passage de carburant (21) dans le corps d’injecteur (20) et que I'autre extrémité de son
cété en aval soit en communication avec chacun des orifices d’injection lorsque l'outil d’insertion est inséré dans
un creux central du corps d’injecteur avec sa position de rotation par rapport au corps d’injecteur maintenue a une
position de rotation déterminée et avec sa surface conique amenée en contact avec la face d’assise conique (23)
dans le corps d’injecteur (20), lesdites sections de détection d’instants d’arrét de traitement (40) comprennent des
détecteurs de valeur physique (42) pour détecter la valeur physique du fluide abrasif s’écoulant a travers chacun
des trous d’injection et des unités de calcul pour calculer le débit massique ou le débit volumique du fluide abrasif
sortant de chacun des trous d’injection, moyennant quoi chacune desdites sections de détection d’instants d’arrét
de traitement est prévue sur chacun des cbétés d’ouverture de sortie de trou d’injection.

Appareil d'usinage de trou d’injection selon la revendication 10, caractérisé en ce que

ledit outil d’insertion (30) a une surface conique qui peut étre amenée en contact avec une face d’assise conique
(23) dans le corps d’injecteur (20), des gorges de passage (31) indépendantes les unes des autres d’'un nombre
égal a celui des trous d’injection (24) sont formées sur la surface conique de telle sorte que chaque gorge de passage
(31) a une partie rectiligne (31a) s’étendant le long d’une ligne de génération de la surface conique et une partie
incurvée (31b) se prolongeant jusqu’a la partie rectiligne afin qu’'une extrémité de son c6té amont soit en commu-
nication avec un canal annulaire (22) communiquant avec un passage de carburant (21) dans le corps d’injecteur
(20) et que I'autre extrémité de son c6té aval, a savoir le c6té aval de ladite partie incurvée de la gorge de passage
(31), soit en communication avec chacun des trous d’injection lorsque l'outil d’insertion est inséré dans un creux
central du corps d’injecteur avec sa position de rotation par rapport au corps d’injecteur maintenue a une position
de rotation déterminée et sa surface conique amenée en contact avec la face d’assise conique (23) dans le corps
d’injecteur (20), lesdites sections de détection d’instants d’arrét de traitement (40) comprennent des détecteurs de
valeur physique (42) pour détecter la valeur physique du fluide abrasif s’écoulant a travers chacun des trous d’injection
et des unités de calcul pour calculer le débit massique ou le débit volumique de fluide abrasif sortant de chacun
des trous d’injection (24), moyennant quoi chacune desdites sections de détection d’instants d’arrét de traitement
(40) est prévue sur chacun des cotés d’ouverture de sortie de trou d’injection.

Appareil d’'usinage de trou d’injection selon la revendication 10, caractérisé en ce que ledit outil d’insertion (30) a
une surface conique similaire a celle de la soupape a pointeau, une gorge de passage (31) est formée sur la surface
conique de telle sorte que la gorge de passage s’étend le long d’une ligne de génération de la surface conique afin
qu’une extrémité de son c6té amont soit en communication avec un canal annulaire (22) communiquant avec un
passage de carburant (21) dans le corps d’injecteur (20) et que 'autre extrémité de son c6té aval soit en commu-
nication avec I'un des trous d’injection (24) lorsque l'outil d’insertion est inséré dans un creux central du corps
d’injecteur avec sa position de rotation par rapport au corps d’injecteur maintenue a une position de rotation déter-
minée et sa surface conique amenée en contact avec la face d’assise conique dans le corps d’injecteur, un moyen
de rotation (80) pour faire tourner ledit outil d’insertion (30) autour de son axe central ou pour faire tourner ladite
plate-forme de montage (10) a laquelle est fixé le corps d’injecteur (20) autour de I'axe central d’'un passage d’ali-
mentation dans ladite section d’alimentation en fluide abrasif pour fournir du fluide abrasif au passage de carburant
dans le corps de buse selon un angle de rotation déterminé est prévu, et ladite section de détection d’instants d’arrét
de traitement (40) comprend un détecteur de valeur physique (42) pour détecter une valeur physique du fluide
abrasif s’écoulant a travers I'un quelconque des trous d’injection et une unité de calcul pour calculer le débit massique
ou le débit volumique du fluide abrasif sortant du trou d’injection en question.

Appareil d’usinage de trou d’injection selon la revendication 10, caractérisé en ce que ledit outil d’'insertion a une
surface conique similaire a celle de la soupape a pointeau (100), une gorge de passage (31) est formée sur la
surface conique de telle sorte que la gorge de passage a une partie rectiligne (31a) s’étendant le long d’'une ligne
de génération de la surface conique et une partie incurvée (31b) se prolongeant jusqu’a la partie rectiligne afin
qu’une extrémité de son cété amont soit en communication avec un canal annulaire (22) communiquant avec un
passage de carburant (21) dans le corps d’injecteur (20) et que l'autre extrémité de son c6té aval, a savoir le cété
aval de ladite partie incurvée de la gorge de passage (31), soit en communication avec chacun des trous d’injection
(34) lorsque I'outil d’insertion est inséré dans un creux central du corps d’injecteur avec sa position de rotation par
rapport au corps d’injecteur maintenue a une position de rotation déterminée et sa surface conique amenée en
contact avec la face d’assise conique dans le corps d’injecteur, un moyen de rotation (80) pour faire tourner ledit

24



10

15

20

25

30

35

40

45

50

55

EP 1900 935 B1

outil d’insertion autour de son axe central ou pour faire tourner ladite plate-forme de montage (10) a laquelle est
fixé le corps d’injecteur autour de I'axe central d'un passage d’alimentation dans ladite section d’alimentation en
fluide abrasif pour fournir du fluide abrasif au passage de carburant (21) dans le corps d’injecteur (20) selon un
angle de rotation déterminé est prévu, et ladite section de détection de temps d’arrét de traitement (40) comprend
un détecteur de valeur physique (42) pour détecter une valeur physique du fluide abrasif s’écoulant a travers I'un
quelconque des trous d’injection et une unité de calcul pour calculer le débit massique ou le débit volumique du
fluide abrasif sortant du trou d’injection en question.
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